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THE NINTH 

ANNUAL GENERAL MEETING. 

The Ninth Annual General Meeting of the 1 nstitution was 
held in Metcalfe Hall, Delhi , at 11 a.m . on Wednesday, 
7th November, 1928. 

PRKSEXT: 

Mr. II. lturkinshaw (in Ilie <Mmiri. 

,, It. I>. T. Aloxandor. 

Lt. Hen. Sir Edwin Atkinson. 

Mr. Adduins Williams. 

X. .1. < ’iirsnt ji. 

A. Linos. 

K. M. Kirkhopc. 

.. I). (». Harris.' 

A. T. \V*ston. 

Lt. < ’el. Nu <«i tor go Willis, 

7i ('orpoiyile Mcrullers • 

and Mr. F. Poweli Williams 

# I'ROCKKDJNOS. 

Mr. If. Bm v ki»slinw took tin* (’hair at 11 a.m. 

' MiHMVtarj road the Notion enlivening tin* Mooting;. 

Tim Minutes of the Eighth Annual Beneral Mooting wore rend 
ami .'-onfirmed. 

1. The Animal Report nf B tk* Council ttitd'fcUo‘Statement, of 
Aooonnts diilv*certified hv the Auditors were hanthMlto nil Morn- 

* * t .*,} ,» .f, 

r»i*rs present. "*>• ' 

‘Tit was proposed by the Chairman t!r.»t the Annual Report of 
the Comieil and Audited Accounts be adopted. 

This was seconded by Kao Bahadur V. N* Parallel j^tid was 
carried. 

2. It was proposed by Mr. K. II. Lai that Messrs. I’rice 
Watorhoiiso. J*oat Jfc X’o.. Ire re-elected Auditors at a remmiera- 
tif>n of Its. ar,0 per audit. 

This was seconded by Mr. P. L. Dhawfni and was carried.. 


(Hoc ret a 
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STANDARD SPECIFICATIONS. 

The Connell have continued to act as the Indian Committee or 
tin*, British Engineering Standards Association and during the year 
j-eceived a considerable number of Specifications. Details of these 
have been published in the Bulletins. * 


INTERNATIONAL ELECTRO TECHNICAL COMMISSION. 
The Council have continued to act as the Indian Committee of 
the International Electro Technical Commission. 


JOURNAL. 

Volume VII of the Journal was issued and distributed to all 
Members of the Institution. 


BULLET J NS. 

Bulletins Nos. IS, .19. 20 and 21 were published and issued to 
Members during the year. The Bulletins contained information 
concerning the work and activities of the. Institution. m 

ISSUE OF PAPERS. 

Mr. F. U. Griffin’s Paper entitled “WATER SUPPLY BY 
DECENTRALIZED STORAGE*' was issued to all Members artd 
was read at Meetings of all Local Associations. 

EXAMINATIONS. 

The first Associate Membership Examination of the Institution 
was held on the 23rd, 2-1 th and 25tli August, 1028 and four candi¬ 
date's Silt, for the Examination. 


. AWARD OF PRIZES. 

II. E. The Viceroy’s T*riy« 3i£»0-27 was awarded tu Mr. X* 
Leu no X f brTii s Paper “THE RAILLESS ORTKACKLESS 

TROLLEY SYSTEM.” 


Because no suitable Paper was submitted, no-award of the 
prize of £20 offered annually by the Institution of Electrical 
Engineers was made. 


ALTERATIONS TO THE BY-LAWS. 

The Council made certain additions to By-law 1 and this was 
reported in Quarterly Bulletin No. 21 for the information of 
Members. 

LOCAL ASSOCIATIONS. 

The Local Associations continue to make progress and held a 
number of Meetings and Visits during the year. 

ACCOUNTS. 

The audited accounts for the vear ending 31st August. 1928. 
arc appended. The acc.ounts show a deficit of Its. 3,600-8-8 on the 
. year’s working. 

The Council consider that after taking into consideration tlie 
increased activities of the Institution, the general position is satis¬ 
factory. . 
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P ‘tfcESIDENTIAL ''ADDRESS 

BY 

R. D. T. ALEXANDER , D.S.O., O.R.E .. 7\/> 

PKKKimSXT, t!)2S2!>. 


(iKVTLKMCNj 

In this Presidential address, the Hint thing I wish to do is to 
thunk you lor the very high lionoiir .you have dour nir by rinding 
inr an President of thr liiHtitution for lhllS 2S». This is an honour 
which 1 very greatly appreciate and for my part you may hr sure 
that ltflfrill do all L possibly ran to further thr interests of thr 
Institution during my term of oilier. 

My predecessors iui\r, us a nile, on this occasion eithci 
addressed this meeting on thr activities of tin* Institution, thr 
Training oi young Kngiurrrs or on sotur Kiigiuecriiig subject. 
Jn my address to day, 1 wish la deal in partii iilar with the posi 
tiou and responsibilities of thr Local Associations. 

The President of au Institution like ours has a great rrsponsi 
bility to shoulder and I feel that thr best results laniiot be obtain 
ed unless hr takes members into his confidence and obtains their 
help continuously. 1 intend to take yon into my’ confidence to day 
and ask you to help to extend the activities of f lie Local Associa 
turns. >Ve must contrive to make all the Local Associations real 
live organizations and to dispel any ideas of misunderstanding 
which may exist. 

To start with 1 want you all to rdulizc that (lie Local Asso 
eiations are the Institution of Kngineers (India) in being and that 
it is on the success of each and every one of. the >Local Associa¬ 
tions that the success of the Institution as a whole depends. I 
should perhaps explain that apart from the office where (lie Sec re 
tary^aml his staff carry out their vvoik, the Institution has no ex 
istence except in its Local Associations. 

In some Provinces, there is apparently au idea thal tin* Local 
Associations are not really part of the Institution bnt are more or 
less independent bodies attached in some vague hut undefined way 
to the Institution. 

T understand that some Local Associations imagine that the 
funds which they are entitled to receive from the Institution are 
dependent entirely on their membership and that they should 
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annually demand n sum or money equivalent to so much per head 
of their membership. 

Neither of these ideas are correct and I wish to impress on 
you to-day that the Local Association is the Institution of Engi¬ 
neers (India) in that particular Province. Secondly that in so far 
as it is within the financial power of the Institution, each Local 
Association will receive that, amount of money required for its 
expeuditure during the year—no more and no less. 

To facilitate this question of finance, each Local Association 
should, as soon as possible after the 1st of September in each year, 
send to tin* Secretary of the Institution a budget of their pro¬ 
posed expenditure. This will be considered by the (’ouncil and, if 
passed, then the money will be allotted to that Local Association. 
Von will, however, realize that it would be bad finance for the In¬ 
st! tut ion to transmit a considerable sum of money to tlffe Local 
Association until it. is actually required. 

T should like to point, out that at present tin* annual expendi¬ 
ture of the Institution is from Its. <i,000 to Its. 7,000 in excess yf 
the money it receives. So far we have been working on overdraft 
against our reserve and I feel sure that, yon will agree that it 
would la* bad (inanet* to send to each Local Association a Ijimp-sum 
or money at the beginning of the year and thereby increase our 
overdraft on the bank on which we have to pay interest. I there¬ 
fore suggest that this difficulty can best be got over by the Local 
Associations 'working on an Imprest Account which will be re¬ 
couped from time to time as may be required. I trust that I have 
made tile two points clear, viz:— t • 

M) That the Local Associations are the Institution of Engi¬ 
neers (India! in their respective Provinces. 

(-* That the money which they are entitled to receive should 
be equivalent to tlieir approved expenditure and no more , 
and no less. No Local Association should at the end of 
a year have either a credit or debit balance. 

1 hope that I have cleared up these two points and now l«tt ns 
see bow we can improve the activities of the Local Associations. 

I know from experience that the general failing of all men is 
to put on to the busiest mail any extra work that is going. Honor¬ 
ary Secretaries of Loral Associations are not apparently exempt 
from this failing of their fellows and we usually find that the 
Honorary Secretary of a Local Association'is one of the hardest 

worked nieu in the Province. Tt is verv difficult indeed for anv 

* * • 

one who lias lo work long hours in his own sphere of activity to 
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devote the time necessary for carrying on efficiently the work re¬ 
quired from an Honorary Secretary of a Local Association and I 
think it is asking an impossibility unless efficient help be given to 
that gentleman who consents to take on these duties. As t have 
already said the Local Associations are the Institution of Engineers 
(India) in being and it is of vital importance that everything pos¬ 
sible be done to give those Local Associations si reasonable chance 
of performing their share in the organization. The correspondence 
necessary to do this is very great and is in my opinion overwhelm¬ 
ing for any one who has other duties to perforin unless he be given 
efficient assistants. 1 therefore think it advisable that each Local 
Association should, in addition to the Honorary Secretary, have a 
paid well-educated Head-clerk who will he able to do the routine 
work and thereby give the Honorary Secretary time to plan 
arrangements for increasing the efficiency and popularity of the 
Local Associations. 

You may think that the above remarks are rather on the lines 
of a sermon hut I can assure you, gentlemen, that I have the 
interests of the Institution very much at heart, and T feel that if 
we are to take our place amongst, the great technical institutions 
of the world, we have to make a really serious effort, now and that 

effort must be made bv each of tbe Local Associations. 

• * 

In connexion with this matter 1 would remind you that, one 
of the greatest difficulties with which our Institution has to 
contend at present is that of finance. You have area the balance 
sheet and you all know that our annual income does not meet our 
expenditure. There are two ways of remedying this: — 

(i) By raising tlu* annual subscription 

and 

(ii) by obtaining increased membership 

* 

I think it would be a very retrograde step indeed to raise the 
•annual subscription but I do feel that there is* considerable scope 
for increasing our membership. I am not for one moment suggest¬ 
ing that the standard of admission to the 'Institution should he 
loweared in tlu* very lesust degree but there are many Engineers in 
India who are fnlly qualified and who do not at present belong to 
the Institution. These Engineers in common with those who 
belong to the Institution obtain their livelihood by work in India 
and it is surely their dnty to support the Institution which has 
done so much to foster engineering interests and to maintain 
engineering standards-in this country. 

I am sure that every one of us here knows several qualified 
Engineers who do not belong to the Institution and I would 
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therefore ask you to point out to these gentlemen what they are 
missing by not belonging to it and the path in which their duty 
lies. 

I do not wish you to think that I am asking you to beg people 
to join the Institution, bu^ what I do ask you is that you will tell 
your qualified Engineer friends about the Institution and let them 
know the advantages to be gained by both themselves and by India 
as a whole if they come forward and join. I am perfectly certain 
that the reason why those qualified Engineers who are not 
members do not belong to the Institution is that they have never 
l>een told anything about it. If each of you will help me by 
shouldering a little of the work, the Institution will, in a short 
time, be in a very flourishing condition indeed. Please however 
keep this uppermost in your minds—the Local Associations are the 
Institution of Engineers (India) in being and if each is a real liye 
organization, then the Institution as a whole will All the part for 
which it exists. 



THE 

NINTH ANNUAL DINNER. 


The Ninth Annual Dinner of the Institution of Engineers 
C India ) was held in Maidens Hotel , Delhi , on Friday 
9th November , 1928. 


All*. K. I). T. Alexander, Oliief Engineer, Heitgal-Nagpur Hail¬ 
way, President of the Institution, presided. 11 is Excellency the 
Viceroy honoured the Institution by his presence. The guests in¬ 
cluded the Hon. Sir Bhupendra Nath Mitra, the Hon. Mr. A. C. 
MeWatters, Mr. 1*. C. Sheridan, Sir .John Thompson, Maj.-Gen. 
A. Cl. Stevenson, Mr. (1. ('tiiiniiigliam, Ml*, A. L. Parsons, Mr. 
T. G. Kussell, Mr. E. ,1. Buck, All*. K. O. Roy, Mr. P. Mukerjee, 
All*. U. N. Sen, the Hon. Mr. E. Bunion, Mr. A. M. House and Mr. 
T. Ryan. 

His •Excellency the Viceroy proposed the Toast “The King- 
Emperor.” 

The President in proposing the toast of “the Health of His 
• Excellency the Viceroy” said : — 

Your Excellency and Gentlemen, 

I lind’ it difficult adequately to express our . pleasure at the 
honour which Your Excellency lias paid the Institution of En¬ 
gineers (India) by being our guest to-night. 

The Institution was founded in 1910 and His Excellency Lord 
Chelmsford honoured the inaugural meeting with, his presence. 
Since then succeeding Viceroys have always taken au interest in 
the Institution and in addition have been good enough to present 
a prize for the best paper read timing the year. I may say, how- 
evei*7 that the activities of the Institution are not solely confined 
to the maintenance of the machinery necessary for the award of 
the Viceroy's prize however much this prize is appreciated. 

The main objects of the Institution are :— 

(1) To maintain the high standard of the Engineering pro¬ 
fession in India. 

C2) To create a standard for the guidance of Students who 
are under training to become Engineers. , 
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(3) To afford a means by which Engineers possessing special 
knowledge on various subjects can transmit this know¬ 
ledge to others by the reading and discussion of papers 
before the Institution. 

India is a large country and it is obvious that an Institution 
located in one centre can do very little good to the country as a 
whole. In consequence a scheme was devised by which the Insti¬ 
tution of Engineers (India) would be represented by Local Asso¬ 
ciations in each of the great Provinces. These Local Associations 
ure therefore the Institution of Engineers (India) in being and it 
is on them that the usefulness and the prosperity of the Institu¬ 
tion depend. 

We all know that Your Excellency takes a great interest in 
agriculture and India- is, probably more so than any other country 
in t.lie world, dependent on agriculture. Extensive agriculture 
however cannot well be undertaken in a tropical country unless 
meaiiH are provided for bringing water to the land and for trans¬ 
porting the surplus groin when it is grown and so the agricultur¬ 
ist is in turn dependent on the Engineer. 

1 feel that Your Excellency is one of the very first to realize 
this fact, nud by the interest, which you have taken in the great. 
Engineering Works at present going on in India, the Engineers 
employed on those works have certainly been stimulated to greater 
efforts. 

It was only a few months ago that Your Excellency visited 
the new Port being constructed at Vizagapatam. • T know from 
first hand information the stimulus which that visit gave to the 
work there and perhaps I will not be saying too much if T mention 
that last, year when 11 miles of the Ren gal-Nagpur Railway Main 
line between Calcutta and Madras was wiped out of existence by 
the abnormal flood of the Bytaraui river, the fact that trains ran 
between Calcutta and Madras within 7 weeks of the disaster was 
due very largely to the personal interest which Your Excellency ' 
took in tlic labours of the Engineers to get the line through. 

In the past India was very largely dependent for her 
Engineers by recruitment, from Great Britain. This: stall; of 
affairs no longer pertains to-day. We now have in India seve¬ 
ral Colleges and Universities where young men of the country can 
be efficiently trained as Engineers, and T am pleased to tell you 
that, so far as my experience goes, the majority of these young 
men have made good but. it must be recognized that as the Engi¬ 
neers at Home look, to the great Engineering Institutions of the 
country, so must the Engineers of this country look to tlie Institu¬ 
tion of Engineers (India). 
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The interest which Your Excellency has shown in our Institu¬ 
tion will do much to foster this idea and will have very far-reach¬ 
ing effects in assisting this Institution to take its place amongst 
the great Engineering Institutions of the world. 

On behalf of the Council anil the Members of the Institution 
of Engineers (India) 1 wish most heartily to thank Your Excel¬ 
lency for sparing the time to attend our dinner to-night, especially 
as I know how very fully occupied Your Excellency is at the pre¬ 
sent. time. 

I hope however that in years to come when you hour of the 
prosperity and the power of the Institution of Engineers (India), 
you will look back to-night and feci some little satisfaction in 
knowing that the turning point, in the career of the Institution 
was due to the interest and help which you have shown to it. 

% Gentlemen, I will ask you to charge your glasses and drink 
with me the health of IJis Excellency Lord Irwin The Viceroy and 
Governor-General of Tndiu. 

Ilis Excellency the Viceroy in reply to the toast of his health 
• said: — 

It has not, seldom been my experience, when ail engineer is 
endeavouring to explain to me tlie intricacies of his pet project 
or machinery, to feel acutely the limitations of my knowledge com¬ 
pared with his. If that lie the effect produced on me by one of 
your numlier, you can imagine the frame of mind in which I rise 
to address a whole room full of the fraternity. Hut 1 can at anv 
rate thank you all without reservation for your hospitality in en¬ 
tertaining me here to-night, and T need .ardly say how great a 
pleasure it has given me to meet so many members of the institu¬ 
tion of Engineers in Tndia. I should also like to tlniuk you, Mr. 
President, for the very kind things you have said this evening, and 
the whole company for the way thpy have received the toast of 
my health. 

I have thought always that engineers were much to lie envied. 
For one thing, they are among those lucky people who have been 
able to dream dreams in boyhood and realize them in after-life— 
for,every right-minded hoy’s ambition is to he an engineer, though 
he-may not always foresee the years of exacting training wfiich an 
intricate and technical science like this requires. 

For another thing, the engineer can see with his own eyes the 
visible results of his work. Many of-us laymen, especially if we 
have at any time had the misfortune to he' politicians, must often 
feel inclined to ask ourselves what has really lieen the outcome of 
months or years of laborious work. We cover pages of paper with 
argument and reasoning and conclusions, or spend our best efyrts 
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in making speeches, winch rarely are as convincing to onr audi¬ 
ences as they seem to be to us, but when we look later on for tan¬ 
gible results, that we can point to, we liegin to wonder what is the 
sum total of our achievement. The wln*els of administration move 
slowly; much of what we seek to do is inevitably the second best; 
ami the world is more ready to accord criticism than approbation. 
We deal with opinions, you with facts; and your pages of figures 
and calculations bring concrete results in the shape of bridges, 
railways, canals, machines. You can see the girders rising, the 
water flowing, the two shining lines of metal stretching away over 
the plain and vanishing into the horizon, and, as you survey your 
work, you ran see that it is good. 

It is true that, most of the great engineering feats in India 
have been performed by engineers in the service of Government, 
but as industry expands, as in the course of nature it must, India 
will more and more feel the need of qualified engineers, whether iif 
Government service or not. And it is here that your Institution 
lias its function to fulfil. Public bodies and private firms will, if 
they are wise, always demand engineers whose qualifications are 
known to conform to certain standards, and an Institution such as 
yours is the best means of assuring the maintenance of those 
standards. And more than this; men find in such an Association 
as this a stimulus to their work. Added to the natural pride 
which any good craftsman takes in his work, is the corporate pride 
be feels in maintaining the traditions of the body to which he be¬ 
longs. The more jealously you guard those traditions and f^e 
more rigidly you insist on the maintenance of high standards and 
‘lie good name of your profession, the more valuable will your In¬ 
stitution lie both to its own Members and to the com ill unity at 
large. 

As you have just said, Mr. President, it. is now nearly eight 
years since Lord Chelmsford inaugurated your body, and in doing 
so lie forecast a great and successful future for it. I alii very glad 
to know' that it*is fulfilling his prediction. Its membership of w r eli * 
over 1,000, from all branches of the profession and in all stages of 
their professional career, and the formation of Local Associations 
in every quarter of India, are sufficient proof that it has establish - 
ed its position aud are a good omen for its further increase in the 
future. 

And what is the future going to bring in the engineering 
world? It is u common [dace that the advance made in engineer¬ 
ing and mechanics within the memory of this generation has pro¬ 
bably exceeded that ihade in any equal period" before in the history 
of the world and a modern writer has told us that, during the last 
160*years, the rate of progress in man’s command over nature has 
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been ten times as fast as in the whole period between Ctesar and 
Napoleon. 

The pace is tremendous, the effect of change in almost every 
sphere of life kaleidoscopic, and I sometimes wonder whether we 
can exactly foresee the effect of all this upon human character 
and temperament. 

Many years ago, Samuel Butler if 1 remember rightly, level¬ 
led a lance against the gradual and as he thought sinister domina¬ 
tion that the machine was bound to establish over the man who 
had called it into being. Since he wrote, our whole conceptions of 
time and space are in course of being recast muter the influence of 
modern invention and discovery, and here as in the (‘volution of 
industry under the influence of the machine there is some room for 
Butler's doubt whether man is in fact retaining control over the 
new forces liis ingenuity has released. In any case we can hardly 
suppose that, when his whole environment is undergoing trans 
formation, man himself will remain constant and unaffected. I 
was interested to notice, in the speech that Sir Alfred Ewing made 
at the Centenary celebration of the Institute of Civil Engineers in 
London last dune, reflections not unconnected with those to which 
1 have endeavoured to give expression* The subject of his address 
lie termyd “a century of Inventions,” but, after sketching ihe 
amazing progress made in the last 100 years, be asked himself 
whether that progress had not outstripped the ethical progress 
of the race. He spoke of the Great War and how that brought 
home to him wiiat he termed “the moral failure of applied mecha¬ 
nics.” But it'was not a note of pessimism that, 1 think, lie meant 
to strike,but rather one of inspiration for the. future. We may 
admit that great as the impetus was which the Great War gave to 
engineering and scientific inventions and research, it was largely 
an impetus in a destructive direction. Seen from this angle,- with 
full recognition of all that was good in the concentrated effort, of 
the War, the contemplation of the highest scientific, genius of man 
employed upon the destruction of his fellows was tint an inspiv 
ing spectacle. It was not progress in the sense in which thinking 
engineers imagine the true development of their profession. You 
would all, 1 know, agree that the victory which engineering and 
science has achieved over inanimate nature is no real triumph 
unless that triumph is employed and developed for the benefit and 
greater happiness of mankind. This must lie at once the goal and 
the test of our endeavour. 

• • 

You were good enough to refer, Mr. President, to the interest 
I have always taken *in the efforts of engineers, whether in India 
or elsewhere, to develop the couutiy and improve the conditions 
and amenities of its inhabitants. Well, during the last two and a 
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half years I have travelled pretty widely over India aud have seen 
visible and unforgettable proofs of what engineers have done for 
the people of India, how canals aud railways and other means of 
communication have secured great tracts from the old terrors of 
famine, how the dcserT has been made to blossom, how the lot of the 
poor has been improved, how wild tribesmen have been tamed, bow 
health has been brought to fevered districts, and new comforts of 
life to dwellers in the remotest parts. And for this, among other 
reasons, 1 rejoice to see engineers joining together in ail Associa¬ 
tion like this, whose tendency will surely always be to direct the 
science of engineering along beneficent, lines. 


I thank you, Gentlemen, again for having permitted me to be 
your guest, and I should like to assure you once more that I shall 
retain thereby a more direct and personal interest in the future 
growth and fortune of your Institution. 


The President, in proposing the toast. 

Your Excellency and Gentlemen, 

■ 


“Our Guests” said :— 


Am an engineer, 1 wo'iild as a general rule prefer to build a 
Railway than make a speech, but when the speech concerns out 
guests the blatter is very different and it gives us all very great 
pleasure to welcome the distinguished company of guests whom we 
have here to-night. In this great Imperial City of Delhi one 
naturally exjiects lo meet distinguished people but we realize that, 
the greater distinction a. man obtains the greater are the calls on 
his time and so we feel ourselves indeed fortunate that so many of 
our friends have found it possible to come to-night. 


We are glad to see amongst us again our old friend Sir 
Bhupendra Nath Mitra, at present Member of Council /or Indus¬ 
tries and Labour. The services which Sir Bhupendra Nath Mitra 
rendored to the Empire as Controller of War Accounts are well 
known to all of us and the work entailed in connexion with that 
task must, even for a giant of finance like him, have been beset 
with difficult ie& no less in their own way than the mud of France 
or the deserts of Mesopotamia were to the soldiers. We, however, 
heard nothing of Sir Bhupendra’s difficulties, all we knew was 
that in a very short time after the War was over those who raised 
questions of back-pay were politely but firmly informed that the 
accounts were closed and the question could not lie re-opened. 


Gentlemen, Sir Rhupendra Nath Mitra has recently been acting 
as Financial Member and controlling the finances of this huge 
country which is a colossal task. Some idea of the versatility and 
ability of our guest may Ik* gathered from the fact that at the 
country’s need he smilingly turned from Industry and Labour to 
Finance and remained undismayed. 
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It is a great pleasure to us to welcome tlie Hon’ble Mr. A. C. 
Me Watters, Secretary of the Department of Industries and 
Labour, who is so closely allied to the engineering profession, in 
that, Industry is based upon engineering and without labour all 
engineering work would be at a standstill. We feel sure that 
Mr. McWatters realizes probably better than any one else in India 
that to obtain the best work one must also maintain that feeling 
of good will and good fellowship between employer and employee 
which is so essential to success. 

We feel greatly honoured in having such a strong representa¬ 
tion of the Railway Board amongst our guests to-night. We all 
know how much the Railway Board have done and are doing for 
the development of India. It is to them that we owe direct rail 
communication between the North and South of India and also 
into many parts of the country which only a few years ago were 
(£>nsidered as inaccessible except for somewhat primitive means of 
transport and with their enterprise and zeal it. is hoped, that we 
may yet see Burma in rail communication with Tndia, and .Teypore 
and Bastar, with the seaports of Madras.- 
. We have had the pleasure of entertaining Mr. Sheridan once 
before and we are all sorry that by the time our next annual 
dinner comes round he will have retired from India and we will 
have lost his cherry optimistic presence amongst us. He will cer¬ 
tainly carry with him onr good wishes and those of a very large 
circle of friends. 

Mr. Russell attends this meeting as a guest for the last time, 
not because we do not love him, far from that, but he is an engi¬ 
neer by profession and much as we like to have him as a guest T 
am glad tp say that in future years he will attend as a host as he 
is about to become a member of our Institution thus following in 
the footstens of the Chief Commissioner of Railways. Rir Austen 
Hadow, and of his predecessor, Rir Clement Bindley who was Pre¬ 
sident of the Institution and whose activities are now. to India’s 
loss, transferred from Rimla to Fnsom and from trains to Totes. 

Mr. Parsons, the Financial ComisRioner. • represents the one 
great force *n nature which engineers know from hitter experience 
is beyond their control. Gentlemen, be holds the purse strings, 
and •even the buffalo of Bastar or the bison of Jeynore will not 
induce him to release them until he can clearly see that percentage 
yield demanded by the tax-payer—whom he must ultimately face 
himself. It says a great deal for the genial personality and tact 
of our guest that he can cut down a'Budget without shattering 
the hopes of those who prepared it. 

We are specially glad to welcome to-night .Rir .Tohn Thompson, 
Chief Commissioner of the Delhi Province. On behalf of the In¬ 
stitution I wish to take this opportunity of thanking him for ]ih> 

s a 
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great assistance in helping the members of the Institution to see 
the works which are going on ill this great city. 

We are also glad to see Major-General Stevenson, Engineer- 
in-Chief, Army Head Quarters. Many of us here to-night have had 
the privilege of serving during the War with the famous corps of 
Royal Engineers of which General Stevenson is now the Engineer- 
in-Chief in India. To entertain such a distinguished member of 
the Corps provides a happy occasion for the weldiug of another link 
in the chain which binds the Military and Civil engineer. 

We very much regret that at the last moment Rai Bahadur 
Lala Moti Sugar, Viced'‘hancellor of Delhi University, found it. 
impossible to attend to-night. The Institution of Engineers is 
fully alive to the fact that a* high standard of (ducal ion in India 
is essential for the progress of the country. We realize that the 
high standard which we have set can only be maintained if suc¬ 
ceeding generations of recruits receive their preliminary training 
in Institutions such as the Delhi University which is at present so 
ably guided by Rai Bahadur Lain Moti Sagar. 

Mr. P. Mukherjcc. Chairman of the Punjab Chamber of Com¬ 
merce, lias done much lo forward the prosperity of Tndia ami we 
are proud to feel that lie could spare the time to come here to¬ 
night. We particularly realize that our guest represents the cul¬ 
mination of our engineering efforts because Commerce and Indus¬ 
try in these days are based almost entirely upon efficient machin¬ 
ery or other engineering works. 

To Mr. Buck, Mr. K. C. Roy, Mr. Sen and our other friends of 
the Press we extend a very hearty welcome. The Press have’at 
all times supported and encouraged us by a whole hearted appre¬ 
ciation of our efforts and the pnblicitv which thev have always «o 
generously given to the work of the Institution has proved of the 
greatest value in furthering its aims and objects and I would like 
to take this opportunity of thanking them for what they have 
done. 

Lastly we extend a hearty welcome to Mr. Powell Williams., 
our energetic Secretary, who has always been our guest on this 
occasion. We ere glad to see that he has now completely recover¬ 
ed from his recent serious illness and is fit for another spell of 
strenuous service. 

Well, gentlemen. T will not detain yon longer. I will now ask 
you to drink the health of our rmests coupled with the name of the 
Hon’ble Sir Bhupendra Nath Mitra.. 

Sir Bhupendra Nath Mitra, in reply, said:— 

Your Excellency, Mr. President and Gentlemen, 

On behalf of myself, and of all those who are your guests to- 
itf^ht. I thank you most heartily both for your hospitality and for 
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the very kind way in which you have received the toaat of our 
healths. 

1 consider it a great misfortune that I am not an engineer. 
At the same time, 1 have claims to close affinities and associations 
with that worthy hotly of men to which our hosts belong. My 
father was an engineer and one of my brothers beat all previous 
record at Rurki. The portfolio which 1 have the honour to hold 
at the present moment includes the administration of tin* Public. 
Works Department of India, the Indian Telegraph Department 
and the Indian Stores Department, and the ex-officio Chairman¬ 
ship of the Committee directing the operations connected with the 
construction of the New' City of Delhi, which, 1 understand, you 
have been visiting yesterday and to-day. As Controller of War 
Accounts and Financial Adviser. Military Finance, 1 was brought 
into close touch with military engineers and their eivilian col¬ 
leagues whom the needs of the Empire had diverted temporarily 
into military employ, and I had the advantage of swing some of 
their splendid handiwork in the roads which traverse Waziristan 
and in the railways, roads and harbour-works in Iraq. And in 
these capacities, and subsequently as Finance Member, I have had 
opportunities of viewing the activities of the profession from other 
than the purely utilitarian angle. 

In the result, I can say without hesitation that the engineer¬ 
ing profession has no greater admirer than myself. There is al¬ 
ways a fascination clinging to the exceptionally large, and this 
applies particularly to the vast seale upon which the engineer 
works, whether lie is building a new city, / instructing a new rail¬ 
way, excavating a new' canal, or merely exce ding an estimate! 

It has been a great pleasure both to me and to my fellow guests 
to meet you here collectively this evening and to have this oppor¬ 
tunity of expressing our thanks not .only for the entertainment 
provided but for the many material benefits w'hieh we owe to your 
profession. I sometimes wonder, indeed, whether the average lay¬ 
man realizes sufficiently how greatly the w'hole progress of civiliza¬ 
tion depends upon the engineer. Without him, w r e should have no 
transport; no ships, no harbours, no railways, no canals, no roads, 
no motor cars, no aeroplanes. Communication, as we understand 
the word, would cease; there would even be no telegraph and no 
cheap post. Human habitation would be confined to the imme¬ 
diate vicinity of a perennial source, of water. Almost every com¬ 
modity we use, the paper we w r rite on, the pens we write with, the 
books we read, our daily paper—even if it may cost us only an 
anna—depend, for production on such a scale*as to make them 
generally available, upon the art of the engineer. Without him, 
the very houses in which we live, the food which we take from day 
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to day, and the clothes which we wear, would be something very 
different from what they actually are. 

Nor is there, perhaps, any other profession to which we extend 
such implicit commence us we do, oiten perhaps unwittingly, to 
the engineering profession. Every day, and many times a day, we 
BUijm vur nvee» upon ine integrity ana professional ability ot the 
engineer. It requires but a slight error in calculation to render a 
bridge unsound, a foundation unstable, a machine unsafe, and it 
is to the everlasting credit of the profession that so few mistakes 
are made and that accidents are so rare as they are. 

Recent experience during the Great War has also demonstrated 
forcibly how great and important a part is played by the engineer 
of various classes in defending our hearth and home against the 
aggression of foreign enemies. It is hardly necessary for me to 
dilate upon this subject as everyone is aware of the wonders which 
were achieved by the engineers upon eveiy front. Indeed, although 
it may sound somewhat of a back-handed compliment, it may 
safely be said that without the engineer, both mechanical and 
civil war on the modern scale would be entirely impossible. 

But, if the engineer has great responsibilities he has also his 
compensations, lie is one of the few who has the satisfaction of 
really seeing his own achievements and of leaving a material monu¬ 
ment behind him. Many of us must have envied the feelings of tbe 
engineer on the completion of some great work which he has him¬ 
self designed and built—the knowledge that, for generations to 
come, it will stand as a lasting and beneficial memorial* In very 
few walks of life is this satisfaction vouchsafed. The picture has, 
of course, its other side. The mistakes of the administrator may 
not Ue patent to the man in the street, and the doctor can bury 
his, but the engineer's mistakes are perpetuated in steel or stone. 
It is, however,, as I have said, to the credit of the profession that , 
such mistakes are so very rare. 

The immense value to the community of the services of the 
engineer makes it obvious that an institution which is intended 
to bring together and to facilitate the exchange of ideas among 
engineers from all parts of India and of various branches of the 
profession, civil, mechanical and electrical, must be a very power¬ 
ful influence in tbe development of the country, and that its meet¬ 
ings must lie matters of far more than local importance. On be¬ 
half of myself and my fellow guests. I again thank you heartily 
for the invitation which has given us the opportunity of meeting 
yon all to-night. 



THE NINTH ANNUAL DINNER. 


21 


Maj.-General A. G. Stevenson in proposing the toast “The Institu¬ 
tion” said :— 

Your Excellency, Mr. President and Gentlemen, 

1 find myself somewhat at a disadvantage in bringing to your 
notice the toast which has been allotted to me owing to my waut 
of personal knowledge of Indian engineers and engineering as I 
have only been live months in the country. 

I naturally follow with interest the accounts in the Press of 
the opening of large engineering projects in this country and of 
these I think the most recent one is the Lloyd Dam in tiie Bombay 
Presidency. I do not propose to quote the statistics of its capacity 
or its dimensions but 1 understand from the Press it is the biggest 
thing of the kind on earth and that, you have the IT. £. A. beat to 
a frazzle!. Whether the above claim is tenable or not is neither 
here nor there but there is no doubt that an extraordinary tiuely 
conceived and executed engineering project has been carried out. 
Following on the achievement the engineering staff concerned have 
received public awards and doubtless private congratulations from 
tiie Members of this Institution and 1 am sure that in addition the 
engineers rightly feel that they are entitled to pat themselves on 
the back for they have seen the work of their hands and it is good. 

Looking back upon the years that, have elapsed since the in¬ 
ception of this project the engineering staff must call to mind the 
early days of reconnaissance, collection of meteorological data, 
levelling, the test of foundations, the design calculation and specifi¬ 
cation of the structure, the preparation of estimates and the 
battle with the financial branch to get these sanctioned. Then 
followed the constructional period with ab its delays antT worries 
great and small from the 11011 -arrival of vital materials to the bites 
of the ubiquitous sandfly. Over the entire period is spread the 
recollection of the team work of the staff, the esprit de corps of the 
engineers, and we finally come to 'the ending of anxiety and 
responsibility with the knowledge that no chinks htfvc been left in 
their armour and that there is no danger of failure of the 
greatest dam in India and I believe the world. 

* Looking at the picture which I have tried to sketch out for 
you, you will appreciate that to carry out a large engineering feat 
of this nature successfully and economically requires that those in 
charge must be qualified by suitable training and experience and 
possess personality. This latter quality is present in all of us 
to a more ttr less degree but it is undoubtedly strengthened by the 
confidence which conies from knowing your job outside and in and 
thereby gaining in your turn the confidence of your seniors and 
subordinates. • 
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When one turns to the constitution of this Institution it is 
evident that all the necessary factors for making such engineers 
have been legislated for. The embryo engineer is caught young 
and his general educational qualifications are scrutinized. He 
presents himself for his professional examinations as Student and 
Associate Member and in process of time and experience becomes 
a Member. All these years he has had the advantage of the meet¬ 
ings, publications aufl^intercourse of the Institution to help him 
by the interehange of views. He lias the harking of the Jnstitu 
tion in all things affecting his profession. 

I think it may then be taken that the Institution of Engineers 
(India) is a. worthy means of fostering the science of engineering 
in all its branches in this great country. I trust its members 
may always be fully employed and judging from the scope which 
exists in this country 1 do not think there is anv doubt- that, thej; 
will. 


Your Excellency, Mr. President, and Gentlemen, I ask you to 
rise and drink success and prosperity to the Institution of En¬ 
gineers (India). 

Lt.-Ool. Sir George Willis in reply said :— 

Your Excellency, Mr. President and Gentlemen, 

General Stevenson in happy phrase has impressed on us as 
representative of the profession in India the great importance of 
co-operation between engineers. 

In assuring him that this is a matter which the Institution 
lias ver^ closely at heart I speak not. for myself but for all our 
Members. As perhaps our guests may not have noticed, but as 
we are all well aware, India, taught by time, lias taken one step 
in advance of the profession at home where there* are separate 
Institutions for different branches of engineering with what is 
now very generally thought to be a great dissipation of energy 
and funds and a lack of cohesion. Our Institution is all-em¬ 
bracing and consequently co-operation is more easy of attainment 
than it. would otherwise be. 

I will not enlarge further on this matter but will ask your 
attention to a point of very great interest to us as Members and, 
did India but .know it, of very great interest and importance to 
the country. I refer .to the rapid growth of the Institution in 
numbers. * 

A little while ago I heard from our first President, Sir Thomas 
Ward, who wrote regarding what I said at the Annual Dinner in 
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Bombay in 1927 about the increasing usefulness of the Instit ution 
to India. He sent me a report of the American Society of En¬ 
gineers and from this it appears that it took that Society forty 
years to reach the numerical strength we have uttuiued in eight. 

Despite the advantages we have over the American Socialy in 
the very great increase in the numbers of qualified engineers since 
the time when it was founded, yet we may congratulate ourselves 
very heartily on this rapid growth. We flow number well over 
1,000 of whom more than 850 are Corporate Members, though we 
have lately removed from our lists the names of those few who had 
failed to keep up their payments. The increase has not been 
attained by going out into the highways and byways for we have 
always been careful to maintain with the utmost strictness the 
high qualifications which our constitution requires in successful 

recruits. 

• 

Having now putted ourselves sufficiently on the hack we must 
turn our attention to our further duties to the Institution. 
Growth of numerical strength, though important, is not our sole 
object or even our main object. We must aim at confiiiuous 
growth in influence resulting from the ability and readiness of the 
Institution to help, in every way connected witii the profession of 
engineering, the country whose name is included in our till' 1 in 
the first place and secondly our members, associates and students. 

To that end it is not sufficient merely to join the Institution 
and pay subscriptions regularly. Much more is necessary than 
that. Every ’Corporate Member who is worth bis salt must, take 
a.real interest in the work and the succ< -s of Hie Institution. 
Refer to the Institution in your difficulty. liefer others to the 
Institution ’when they are in difficulty. If you are doing interest¬ 
ing work let us all kuow about it. There is a paucity of papers 
on engineering subjects. Short pithy papers will be greatly wel¬ 
comed. 

• 

There are other ways in which members can help their Institu¬ 
tion. Think them out for yourselves. If we all did 3/305tli of 
the boy scout’s duty to his Institution and did one good deed a 
year for our Institution, it would be the most flourishing profes¬ 
sional organization in the world. Over eight hundred good deeds 
every year, not counting those which we hope and trust will be 
performed by the Governments and the public of India in whose 
benefit andjnterest it is, as much as in our own, that our Institu¬ 
tion should go on anjd prosper. 



COOLER HOUSING 


BY 

F, R. MORGAN, Member. 


1. The ideas in this paper and the experiments on which some 
of it is based were conceived and carried out more than twelve 
years ago. A year or so later an article on Cooler Housing was 
written but never completed. It remained buried in a file until 
dug out for the purpose of preparing this paper, which is put 
forward in the hope that there might be something in it that others 
might develop for the amelioration of hot weather conditions in 
the Tropics. The paper in most part aims at indicating lines along 
which study, thought and experiment might prove useful in the 
quest for cooler housing. 

• 

2. The sun is our source of heat. If we stanch in its rays we 
absorb heat and feel hot. If we interpose something between us 
and th#*Sun, an umbrella, a tree, a roof, for instance, we absorb 
less heat and feel less hot, the degree to which we feel less hot 
depending on the material, the size, the colour, the thickness and 
other properties of the thing interposed. If we place different 
materials in the Run, or the same materials differently surfaced, 
coloured and, perhaps, shaped, we find differences in the rates at 
which they absorb the heat of the Sun’s rays. We find, also, that 
when the rays of the Sun are cut off from these materials they cool 
down differently, some cooling more slowly than others. 

3. Every school-boy knows that India lies wholly North 
of the Equator, and if we look at a map of India we find 
that the whole of Northers, wh'cli is about half of India, is 
situated North of the ‘ Tropic of Cancer. We haven’t to go to 
school to learn that the winds that prevail practically everywhere 
in India blow mostly North or South being connected as they are 
with the Monsoons which are so marked a feature of the Indian 
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climate. If we begin to think about ways and means of improving 
hot weather conditions we shall note all these things. 

4. The Tropic of Cancer, we were taught in school, if I 
remember rightly, marks the Northern limit of places on the face 
of the Earth where the Sun appears perpendicularly overhead 
during some portion or portions of the year. Places North of the 
Tropic of Cancer never have the Sun overhead, the Sun in its 
passage across the Heavens travelling in a plane which is inclined 
to the South, the degree of inclination depending on the time of 
the year and the latitude of the place of observation North of the 
Equator. The significance of this to the designer of cooler houses 
in India is that in the portions South of the Tropic of Cancer, 
only for a short time every year does the Sun ever shine on the 
North side of a house, between the hours of 6 a.m. and 6 p.m., but 
in the portions North of the Tropic of Cancer, the Sun never 
shines on the North side during the 12 warmest hours of the day. 

5. The oriental ion of dwelling houses so that one face faces 
due North is a common practice in most, parts of India. Engineers 
have practised it for very many years. But in New Delhi, 
architectural requirements, so one. was given to understand, 
caused the location of most, if not all, of the houses with their 
main axes parallel to the roads that, they faced. As the angles 
between adjoining roods in New Delhi are 60 degrees, only one- 
third of the roads can run North and South and of rectangular 
houses only those facing those roads can have faces on the North 
or South. Thus only one-third of the houses can be sited in the 
irianner that the experience of years taught the engineers tMis best. 
These wrongly facing houses are not, among the coolest in New 
Delhi. 

6. In Northern India the orientation of dwelling houses so 
that the major axis runs East and West gives* two tangible 
advantages to such houses, the first being the greater capacity of the 
buildings for catching the prevailing breezes, the second being the 
ability to provide large and cool North verandahs for general 
living purposes. But there appears to be another advantage which 
has not had the same consideration. That is the disposition of the 
mass of the building in the best manner to resist absorption of heat 
from the direct rays of the Sun. This, is worth considering. 

7. Let us look, at a few examples. T&ke, for instance, a 
square house placed four-square to the points of the compass. We 
need onlv consider the Sun between the hours of 6 a.m., and 6 Q*in. 
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We will imagine, for convenience of calculation, that the Sun 
moves in a horizontal instead of in an inclined plane; then 

the East wall would be 
shone upon from 6 a.m. 
to 12 noon = 6 hours 

the South wall would 
be shone upon from 
just after 6 a.m. to 
just before 6 p.m., or 
just under = 12 „ 

the West wall would 
be shone upon from 12 
noon to 6 p.m. = 6 ,, 

Let the length of the wall be a and the height = h then the 
area of the wall = ah and the number of hours the walls are shone 
upon multiplied by the areas of the walls in terms of ah will be the 
number of Sunlight Area Flours (abbreviated SAH) of the house. 
But as h will be the same in all the ligures to be considered it may 
be omitted and the term a accepted as equal to ah. 

Then SA1I for the above square building of side a placed four 
squdre to the points of the coinpass =6a+12a + 6a=24a. 

8. Take the same building and place it with its corners to 
the points of the compass. As before consider SAIL for rays in 
the horizontal plane. 


(i) 


(ii) 


w 


(iii) 


5 



W 


Then SAH 

for N.E. 

wall 

= 3a 

99 

„ S.E. 

99 

= 9ar * 

99 

„ S.W. 

• 

99 

= 9a 

99 

„ N.W. 

99 

. = 3a. 


Total 24a 


9. Thus it appears that for rays travelling round in a 
horizontal plane there is no difference in the SAH whether the 
sides are placed foursquare to the points of the compass or to the 
half points. If the building were circular it would be easy to see 
that all day long rays moving round in a horizontal plane would 
keep half the circumference in sunlight. Any other evensided 
regular figure would be the same and we may take it that 
considering horizontal rays we need not give much consideration 
to the orientating of our building. 

10. But the Sun’s rays are never horizontal and in Southern 
India they are more ' nearly vertical. A few figures might be 
considered for SAH with reference to rays travelling in a vertical 
plane. For convenience of distinction' vertically considered Sun¬ 
light Area Hours may be abbreviated VSAH and horizontally 
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considered SAH abbreviated HSAH. Take the following few 
cases:— 

^ (i) Square, side=a, sides facing 

----- N, E, S, and W. 


E « 


HSAH 


VSAH=6a+6a 


=12a 


(ii) Square, side—a, sides face NE, 
SE, SW and NW. 


HSAH 


-24a 


VSAH 2xGa + 2 x Ga=12a+12a-24a 


f (iii) Circle, area —a 3 , diam= eir* 

f \ ^ w 

r ' • -j W cumfercuce -2a Half the cir- 

\ J cumfereuce would always be in 

sunlight both horizontally con¬ 
i’* sidcred and vertically and 

HSAH = 12a. -12 x 1772a -21.20a 

VSAH = 12a ,, -2126a 

(iv) Rectangle, area—a 2 , lengths of sides 2a and £a, long axis 
running E. and W., i.e., the long shies facing N. and S. 


E 


USAU = (6x^a) + (12x2a) + (GxiJa> -30a 


VSAH = (0 x 4a) + (Ox $u/ 


= «a 


(v) Rectangle as above, area-a 2 , lengths of sides 
2a and £a, long axis N. and S., i.e., long sides 


* 2a W 


face E. and W. 


HSAH= (6 x 2a) + (12 x $a) + (6 x 2a) 


-30ar 


VSAH = (6 x 2a) + (0 x 2a) 


=24a 
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Tbe last two examples, as far as the rays considered vertically 
are concerned, appear to demonstrate the importance of the correct 
orientation of a shape. 

11. It might be objected that this paper appears to treat all 
hours of Sunlight as equally warm or equally warming whereas 
they are nothing of tbe sort. That they are not and what their 
progressive value is remains to be determined, but it must be 
remembered that if the morning and evening rays may be 
considered cooler than the midday rays, the morning rays play on 
cooler and therefore more absorptive walls, and though the South 
wall, which appears to be the controlling wall, is shone upon for 
twelve hours of daylight the average heating effect per hour on this 
wall should not be greatly different from the average heating 
effect per hour on the East and West walls which are each shone 
upon for six hours at a time. 

12. Of course the amount that heat rays would heat an 
actual substance would depend on the angle or angles at which 
they impinged on £he surface of the substance, but for purposes of 
our comparisons it would seem right to assume total absorption 
from the beginning, that is that the angle between the rays and 
the plane on which they impinge at which total absorption takes 
place =0° 

13. The mathematics that would be involved in working out 
the SAH for rays travelling in a plane inclined to the horizontal, 
the angle varying with the latitude and the time of the year would 
be somewhat complicated and the writer does not see any great 
need for it, preferring to work out any given cases horizontally and 
vertically and then, more or less arbitrarily, to combine the 
horizontal and vertical figures in some relation to the latitude of 
the place in which the building might be raised. Presumably 
during the Summer in the Northern Hemisphere, the northermost 
line on the Earth at which the Sun appears to be perpendicularly 
overhead at midday • travels from the Equator to the Tropic of 
Cancer and back to the Equator. The average summer line would 
therefore be halfway between the Equator and the Tropic. As the 
latitude of the Tropic of Cancer is about 23| degrees, this average 
Summer line is located at about latitude 12 degrees. For average 
Summer conditions we could compare tbe Latitude of places to 
this line. 

14. Thus if the latitude of the place of comparison were 22 
degrees, we could take VSAH and HSAH of our figures •' and add 
together 5$ times VsXfT and 1 x HSAH-, 5£/l being approximately 

. the co-tangent of the angle between the latitude 22 degrees and 12 
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degrees, viz., the co-tangent of 10 degrees. Thus comparing the 
shapes of paragraph 10 for buildings in Latitude 33 degrees North 
the comparison would be:— 


(i) Square, sides facing compass points: 

5J VSAII + 1 nSAH=5Jxl2tt + 24a = 90u 

(ii) Square, diagonals to compass points: 

5£ VSAH + 1 HSAli = 5^ x 24a + 24a «150u 

(iii) Circle of area equal to above square, viz a 2 

54 VSAL1 + 1 irSAH=5Xx31-20a + lx2130a^l5810a 

(iv) Long Kectangle, 2ax4n, long sides N. and B. 

54 VSAH +1 IISA xUa+lx 30a - tWu 

(v) Long Kectangle, 2a x 4a, long sides E. and W. 

5£ VSA11 + 1 US All = 5£ x 24a +1 x 80a -lU2n 


• 15. From this comparison it appears that in Latitude 22 

degrees North the Long Rectangle witli the long walls facing N. 
and S. exposes less area to the direct rays of the Bun for a given 
volume than any other shape compared ; and the long Rectangle 
With its long walls facing E. and W. exposes the greatest area of 
wall for a given volume of ligure to the direel, rays of the Bun. 
The former is therefore the coolest and the latter the warmest 
shape. It happens also that what turns out from these calculations 
to be the coolest shape is also the shape that catches most 
breeze from the south or the north, as the case may be, so that, it 
w’Quld appear that this long rectangle facing North (or South) is 
unquestionably the coolest shape. This particular shape of 
rectangle where the long side is four times the short, side would 
hold its own against the square, its nearest competitor among the* 
shapes considered up to Latitude 57 degrees, but north of tlii* 
latitude the square would absorb the lesser quantity of beat. .Much 
below latitude 57 degrees north however the quest for coolness 
would have given place to the quest for warmth. 

1G. The Rectangle with the long walls - facifig North and 
Boutli comes out best for building shapes with flat roofs flush with 
the tops of the walls. It would be worth investigating the relative 
heat-absorbing properties of different shapes of roofs. To make a 
fair comparison we should have to compare roofs of equal covering 
capacity and equal volume. The different types of roof would 
therefore have different heights. Tf we took the area covered as 

a 8 

=a a . and the volume that would have to be heated as= — a ~ then 

(i) For a Flat roof the height would be a/6. 

(ii) Fox* a pent or wedge-shaped roof it wonld be &/3. 
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(iii) For a pyramidal roof the height would be a/2. 

(iv) For a domed roof of which the dome is a hemisphere 

3a 

the height would he g . 

17. Compare these roofs by working out the HSAH and 
YSAII of each case and combining them, as for wall shapes. All 
the types may 1 m± considered to be covering squares of side = a. 
The tirst may be considered alternatively with the sides and corn¬ 
ers to the points of the compass, the second may be considered with 
the gables either N & 8 or E & W. The sides of the square base 
in the remaining two cases face the points of (lie compass. In the 
fourth case the dome springs from inside the square leaving four 
comers to be covered by flat roof. The calculations are :— 



=4a 2 


- 14a 2 


VS A11 (corners to points) 
-24axn/G =16a a 


—2a 2 (1+ ^13) 

ill (if gables E 
-2a 2 <1+ *'13) 


—9.2a 2 


-9.2a 2 



W 


VSA1I (if gables N & S> 

=10.8a 2 

(if gables E & W) 

-16.4a 2 


(iii) (ISAEI -24axa * / 2x£=8.5u 2 

VSAH —10.5 ^2 a 2 =14.8a 2 

(iv) HSAH —7.7a 2 

VSAH * + =135a 2 


fl 


* For detailed calculations see Appendix I, 
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18. In Latitude 22 degrees North the comparison of these rool's 


would be as follows :— 

(i) Fla t roof, four square, 

VBA11 + 1 JdSAH = (77 + 4) a 2 -81a a 

Flat roof, corners to compass points 

51 VS All + 1 USA If =• (S8 + -1) a 2 =92a 2 

(ii) Pent roof, Gables N. & S. 

5J VS All + 1 HSAIL - (59.4 + 9.2) a 2 - <K».«Sn« » 

Pent roof, Gables E. & W. 

5i VSALI+1 1ISAJI- (99.24-9.2) a 2 -99.4a 2 

(iii) Pyramidal Roof 

51 VSAIl + 1 USA 11 - (81.5 4 8.5)a a -89.9a 2 

(iv) Domed roof 

5} VSAIl + 1 USA II --- (74.3 »■ 7.7) a 2 ---82.0a a 


.19. The comparison shows lliat for a> given area and volume of 
roof, other things being equal, the pent roof with the gable ends 
north and south is the coolest form of roof and the same roof turn¬ 
ed through a right angle is the warmest. The ligures for the pent 
roof are for one with side slopes of three to two. The flatter the 
slopes the more nearly will the pent roof approach in heating capa¬ 
city to the flat roof. The pent roof of the example will hold its own 
against the flat roof for heat resistance, or rather, smallness of 
exposure to heat absorption, up to latitude 42 degrees north, before 
reaching which the property of heat absorption would he more 
favoured. The, domed roof compares favourably with other roofs 
and has much to recommend it. 

20. A point that appears to arise from ihe above is that the 
usual method of rooting workshops appears io he the least favour¬ 
able as regards heat conditions for India. The saw tooth rpof is 
greatly used with long slopes on t he south side and north lights 
nearly or quite vertical. These would appear to Ik; essentially very 
hot roofs and it would be wortli while carrying out temperature 
tests in exactly similar sheds with pent roofs differently disposed. 
If it turned out that tin- ligures of para. 18 approximated to the 
truth, saw tooth roofs should have their gable ends north and south 
and lighting should be carried out through the gables or by sky¬ 
lights. 

21. In this paper the periods during which the sun shines 
directly on a wall or roof have been-considered, no account has 
been taken of the portions in shadow. Walls in shadow will absorb 
or give off heat according as they are cooler or hotter than the sur¬ 
rounding air. The quantities of heat so absorbed may be consider¬ 
ed by comparison to be negligible, but the*heat given off by a Jiot 
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wall in shadow might be very considerable. If so, obviously it is of 
advantage to increase the snadows. This can be done by providing 
cornices, chiiajas and verandahs which cast shadows downwards, 
and by pillars, piiasiers ana buttresses which cast shauows side¬ 
ways. The higher the latitude the wider should be the cornice, 
chnaja or verandah, which are but developments of the same idea, 
aud the more numerous should be the vertical excrescences. The 
wide chhaja of Delhi, Agra, Gw r aiior or Jeypore is the result of the 
striving for more shade or shadow in the higher latitudes. 

22. So much for walls. On the roof, shadows can be cast, 
especially in the more northern latitudes, by parapets running east 
and west, several to a roof; or the southern parapet could be made 
especially high to cast a very wide shadow. Another use could be 
made of this very high southern parapet' as suggested in para-. 
28. The inner parapets could be made very thin and surmounted 
by little perforated pent roofs of their own to increase the shadow'. 
These suggestions rather remind one of the efforts made to keep 
roofs cool by covering them with inverted gliaras which after all do 
what they do by casting shadows. 

• 

23. It might be objected that all these excrescences are but 
added area and added mass for the absorption of heat, hut it should 
be remembered that the usual building materials are not very good 
conductors of heat, and these things can be arranged semi-detach¬ 
ed, perforated and ventilated and they can be made thin so as to 
cool rapidly when they come into shadow. Chiiajas particularly 
should be perforated so as to ventilate and cool rapidly, otherwise 
each chhaja might be liable to hold a pocket of hot. air against the 
outer wall instead of allowing, if not creating, an up-draft past the 
wall. 

24. For small and low buildings shadows can be obtained 
from trees judiciously placed. Tall trees are advisable and snch as 
shed their leaves in the cold weather so that when warmth is de¬ 
sired it might be obtained. The writer’s practice for Railway 
Clerks’ and menials’ types of quarters was to place the quarters 
with the courtyards to the south and on the south of these to plant, 
ten or fifteen feet from the outer wall, either one Shisham or one 

<rEucalyptus tree per unit of Clerks’ or per 2 units of menials’ quar¬ 
ters. It is a. mistake to have too many trees wdth low branches as 
they retard cooling down at night. 

2“.. Because of the rather comprehensive title of this paper 
something mnst be said about other matters of common knowledge 
that affect the coolness of a building. These are the reflective or 
absorptive properties of materials and their heat conducting and 
heat resisting powers. * It is well known that all materials do not 
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absorb heat equally. Steel beats more readily than stone, stone 
than brick, brick than clay. Bright steel iiu the sun's rays will 
heat more slowly than dull steel anil polished marble more slowly 
than unpolished. Certain colours are warm such as reds and 
browns, others such as blues and greens are cool. Dark shades of 
the same colours absorb heat more quickly than lighter shades. A 
case occurred in l-nao many years ago where the day temperature 
of a house was lowered 13 degrees by white-washing the tiled roof. 

26. If we are building for coolness we should remember these 
things and allow for them. AVe should make the South wall of any 
building in Northern India smooth and light coloured, give it extra 
mass or make it hollow. AVe should use for it smooth or polished, 
rather than rough, stone and brick rather than stone, we should 
plaster rather than point *it unless its surface was prepared for re¬ 
flecting heat. For our roofs we should use asbestos cement rather 
than galvanised iron, tiles rather than slates, jack arches, or even 
reinforced brickwork, rather than stone slabs and lime concrete 
rather than cement concrete of equal thickness. AVe should avoid 
dark materials, aiming in every way at a maximum of reflection 
and a minimum of absorption. 

27. The use of hollow walls is often advocated and sometimes 
used, but it is questionable whether the usual slow cooling down of 
hollow walls does not make the average conditions of such walls no 
better than those, of solid walls. Rome years ago a. patent was 
taken out for electrically pumping air through hollow walls. This 
might be an improvement but not everybody could afforrl the plant, 
possibly, and certainly current is not to be had everywhere that 
a house is built. But there is no reason whv the Run. which is 
everyw'here, and which heats the building, should not take a hand 
in cooling it. as follows :— 

28. Make the outer Avails of the house hollow, but do not leave 
the hollowness In disconnected pockets. Make it continuous 
throughout the building, except that the north wall need not be 
hollow. The hollowness of the wall should be nearer the outside 
than the inside. Thus in a wall H bricks thick the wall could 
be set out as though two bricks thick and an air space left between 
the outer half brick and the inner whole briek. There should be a, 
reasonable amount, of bonding to ensure the stabilitv of the walls. 
Where the East and West walls were made 11 bricks thick the Routh 
wall might be made 2 bricks thick, in which case the hollow would 
be in the middle. The Routh wall would be carried up to a high 
parapet which parapet would be hollow as a whole or in part. The 
function of the high hollow parapet would he to absorb the sun’s 
rays rapidly to heat the air it contained, so that the air would ex¬ 
pand and rise. With suitably arranged apertures near the <top 

* B 5 
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the hot air would escape and if there were air inlets suitably placed 
a steady flow of air in the hollow walls would be set up. The posi¬ 
tion for the inlet vents would be low down on the North or cool face 
an d tlw-y cou ld he .1 nged:i k to-bs nhaiiorod, by ary ieg-fho 

East and West walls forward to end iu pilasters on the North face 
and by placing the vents in the angles so formed, or in the relatively 
cool North verandah and iu the vicinity of foliage plants or palms. 
These vents and possibly the outlets iu the Southern High parapet 
would have to be provided with shutters as it would be undesirable 
to allow the pumping of air to go on during the cold weather 
mouths. 


2b. Normally, walls of buildings arc made 1| to 2 bricks, say 
0 inches to 20 inches, thick, but roofs are seldom more than 
10 iuclics thick in the thinnest parts and of feu they are less; iu the 
cases of tiled, slated, shingled, and corrugated roofs, very much 
less. But roofs are shone on as much as South walls and they 
should be as thick. It is scarcely practicable to make all roofs 15 
to 20 inches thick, but much the same effect can be obtained by tin* 
judicious use of ceilings. Imagine a thin flat, roof of a house with 
the Sun shilling on it. all day. It. gets very hot and the air on the 
underside in contact with it also gets very hot. By convection this 
hot ail* will stay at the lop of room and if it is not disturbed the 
heat from this zone of heated air will reach the remainder of the 
room only very slowly by diffusion and conduction. But agitate 
the air and the heating process will go on rapidly and tlie 
temperature of the air of the whole room will he very quickly sflid 
considerably raised. <'online this hot air by a thin non-conduct¬ 
ing ceiling, made of cloth for the poorer houses, of papier maehe, 
asbestos-cement or match-boarding for the better bouses, and the 
heat absorption of the house will be greatly reduced. The space 
lad ween the ceiling and tlie roof should be the maximum that, can 
lie conveniently given and there should bo 110 connection between 
the air in the room and the air above the ceiling. Iii damp jiarts 
of India the coiled space would require to be ventilated to cheek 
the sweating of the roof that otherwise would take place. In dry 
parts, as in the U. 1*. and the Punjab, ventilation might perhaps be 
provided, but it should hv. capable of being stopped, to make use 
*«f tlie ceiling against the rapid cooling of the room from the 
chilling of tlie roof at night in the cold weather. 

30. Throughout the preparation .of this paper tlie writer 

has in mind the heat of Northern India. To people who have not 

exjierienced this heat it is not imaginable. Certainly conditions in 

Calcutta and, as far as I can see, in the whole of Bengal and Assam 

are as different as they can lie from those in the U. P. and the 
• *■ 
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Punjab. In these and other dry parts, where humidity is only ex¬ 
perienced in the rains and the temperature of articles left in the 
Hun rises probably as high, in some parts, as 180 degrees, the doors 
and windows of houses are closed at about 0 a.m. aud are not 
opened again before 5 p.ni., and, it may be, not till a great deal 
later. People seal themselves into their houses and if they let air 
into the houses at all it is through klias tatties. Exposed Macadam 
and masonry become piping hot and do not cool till late in the 
night and sometimes not during the whole course of the night. 
Conditions can be greatly ameliorated if one bas the use of large 
quantities of water, not only by means of tlie klias tattles, but, 
when evening sets in, by watering all adjacent macadam and 
masonry surfaces in the often air. watering the roof of one's house 
atul the floors of the verandahs, also lawns and plants favourably 
placed. Not everybody knows of this use of water and not every¬ 
body can get the necessary water. Where water is available 
sprinklers on the roofs of bouses would help matters very consider¬ 
ably, because turned on near sunset t hey would s|iced up the cool¬ 
ing down of tlie houses so fitted and would let t hem begin each day 
aj a lower temperature than they would otherwise attain to. Be¬ 
sides, the moisture given off, if there were sufficient of it, as there 
might be if large numbers of houses were fitted, might locally tone 
down the Sun’s rays, as presumably tl%moisture in the air does in 
Bengal and Assam. 

31. 'Die need for sealing up the houses in the day is liufor- 
tniiafe. In private houses the results are not. bad because there is 
usually an ample reserve of air for tin* small number of persons 
occupying them, but in clubs and offices and places where people 
work, the*need for fresh air is felt, and eitlie khas tatties are used 
or hot air is let in through some of the doors or windows. The use 
of khas tatties is not always fortunate for they sometimes bring on 
colds and rheumatism, though people who use them wisely can 
usually avoid these troubles. Klias tatties as used are not al¬ 
together scientific:. In themselves they are quite successful in the 
production of cooled air, but they are wrongly placed in the doors 
and window's on the floor it is desired to cool. The cool heavy air 
from them descends and t.hei*e is no reason w r hy it should rise again 
until heated above the temperature of tlie air immediately above. * 

Thus the feet of people are cooled rather than their heads. 
The proper place for the* klias tatties w'ould be about the level of 
the clerestories or actually on the floor above. The wonder is that 
this had not been thought of when everybody who can read knows 
that cool air descends. The coolness of the Tykhanas in Lucknow, 
in the Residency and La Martiniere (Constantia) for instance, must 
have been noticed by bund reds of persons. *Yet as far as the writer 
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could see when lie began bis experiments it bad not occurred to 
anybody to locate kbas tatties at a bigb level, until one day, some¬ 
time after he had made bis first experiments, the writer in the 
course of bis duties climbed on the roof of a bouse built many many 
years before and found it fitted with special lofty skylights which 
were evidently used not so much for light as for ventilation, and 
uot for taking out air but for supplying it cooled by khas tatties. 
The air shafts bad apparently not been used for years for supply¬ 
ing cooled air and bad degenerated into air extractors rather than 
supxdiers. 

32. ifut the writer had been arguing along similar lines to 
the builder of that house and was pleu.sed to see this earlier effort, 
though rather different from his own, which aimed at the elimina¬ 
tion of the moisture of the khas tatties, for two reasons, firstly, 
because of the reputed unhealthiness of the cold damp air and 
secondly because the cooling effects of dry air were so much greater 
than those of damp. The writer believed that a temperature of 
i)2° of dry heat was much more desirable than a temperature of 
of 82° of moist heat. Korea of circumstances brought the experi¬ 
ments to an end, hut an outline of the principles along which-the 
trials were proceeding and a description of the last stage of tilt? 
apparatus tried might not be out of place. Tlie principles are very 
simple, viz: Hot air rises^old air falls. A hot chimney causes 
a 11 updraft, a cold chimney a downdraught. Metals readily take 
up heat and readily part with heat. It takes a great many thermal 
units to heat water, it takes very' few' to heat air. Evaporation 
cools both the air Into w'bich the moisture evaporates and the sur¬ 
face from which evaporation takes place. The apparatus consists 
of a metal pipe surrounded by' a water jacket. The cool water of 
the water jacket cools the pipe. The air in the pipe is cooled by 
contact w'itb the metal. This air falls. If the top end of the air 
pipe is connected with an air inlet a downdropping stream of cool¬ 
ed air will result. But from the heat given up by the incoming air 
the water jacket will become warmed and means w*ere required to 
keep it cool. Tlie means provided was in the exhaust which was 
made to pass through porous pipes standing in the Avater jacket, 
thus recooling the water. The exhaust w r as forced by being con 
nected with a heated chimney, heated by being exposed, above the 
roof, to the Run’s rays. 

33. A more detailed description of the apparatus is given in 
Appendix IT. The apparatus can fail by the inlet air coming in too 
fast. This can he controlled by throttling. The porous pipe might 
fail by being too porous and thus dripping,* or it might become 
clogged. The first is a matter for experiment, the second a matter 
of convenience of renewal. In Appendix III the application of the 
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apparatus to the cooling of Railway carriages is discussed. The 
apparatus lends itself to the use of ice for cooling the water in the 
tanks and the cooler the initial temperature the cooler the average 
temperature of the incoming air could be maintained. The inlet of 
cool air would be placed at as high a level as possible uml certainly 
above the level of ceiling fans. There is no limit to the number of 
inlets that might be used. The inlets would best be in the North 
verandah or on the North side in a partially open room. If the 
house "were two storied it might prove best to have a northerly 
upper room cooled and to lead air by ducts from it. 

34. No mention is made of power cooled rooms or houses 
These are not within the reach of all and the purpose of this |»aper 
has been rather to speak of things that could be provided as regular 
parts of the houses and which would not cost very much to main 
tain. The writer hopes that, if there is any good in his suggestions 
They will lie taken up and experimented with and that they might 
ultimately turn out to the general good. 

3;>. In appendix Til will be found an adaptation of the 
uxpgrimental cool air inlet to Railway Carriages. 
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Calculations of vertical and Horizontal Sun Light Area Hours for 
different roof shapes. For diagrams see page 30. 


(i) Parallelopi pedal roof four sepia re to compass points Square 
base of side—a, height—a/li. 

USAII6 (ax ?L) +12 (ax £) +6 (ax !L) 

6' 1 6 f v 6 / 

--- a 2 + 2a 2 + a 2 1 a 2 . 

VS AII (0 x a x ii/ii) + 12a 2 + « x a x a/(i -11 a 2 . 


Parallelopipedul roof, eor tiers to compass points 

Square base of side—a height—a/6. 

USA H = (3a x a/C) + (9a x a/0) + (9a x a/0) + (3a x a/0) * 

— 21a x la 2 

6 

VS All --- (2 x Ca x a/G) + 12a 2 4 (2 x Ga x a/0) -2a 2 + 12a 2 4 2a 2 =16a 2 . 


(ii) 1 Yv.iltjv or Pent, roof, gables North & South 

Square base of side—a. Height=a/3. 



a — ^ 


Length of one slope of roof= v'© 2 + (a/3) 2 . 

= a/ a 2 , a 2 _ a ^13 

4 9 6 

IISAII = 6 (a ^13/0 x a)+(12 x i x a/3 x a) + 6 fa ^ 13/0 x a) 

= a 2 v'i3+2a 2 +a 2 V i3=2a 2 (1+ ^13)-2a 2 x 4.61=9.2a 2 

VS AH -2 a x 12 x a vM3/6 xa=-^x v 7 i;j a 2 -11.7a 2 


Wctli/c or Pent roof, gables East & West— 

Square base—a, height-a/3. 

HSAll =2 x (> x a/3 k a/2+12 x a* 13/6=2a 2 + 2a 2 ^l3=9.2a 2 

'N SAll =2x (>xa/2x a/3+12x2xa ^ 13/Gx d 

=2a 2 +4a 2 Vl3=2a 2 (1+2 ^j3)- (2+4x3.01) a 2 =16.4 a* 
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(iii) Pyramidal roof — 

Square base of side - a. height - a/2. 





(iv) Hemispherical Roof. diam. -a. < 

Square base of side-a , height 3a/S. 
. The dome is a segment of a sphere. 

-h a 

Volume of segment --- (3d - 21i) 

6 


Take d—a, h—3a/S. 


Then V*»l.= 


tt * 9a 3 
liI x (> 


(3a 


0a) . 
8 


3 x 3.1410a 3 18a 81.8 a 3 a 5 

™ 128 X ~8 512 " IT 

Diain. of sphere of which this dome is :• segment - . 


_4 3a _ a a 8 , 3a _ 16a -+ 9a __ 25 a 
3a 8 “ 4 3a + 8 ” 24 " “ 24 

8 


(25a) 3 

Area of dome- ^ x w x tf ^ 2 

= x JL a - upprox.=1.28a*. 

8 576 32 11 

HSAH= x 1.28a 2 =7.68 a 2 


VSAH=9x1.28a 8 + 9 (1- - A ) a 2 =9 * 1.28a 2 4 9 x .22a 2 . 

4 

=9xl.5a 2 =13.5a 2 . 
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Calculations and descriptions of Cool air Inlet for Houses. 

3. Tn April 1916 I made certain observations of the cooling 
effects of evaporation off the surface of porous earthenware, as 
follows :— 


The maximum air temperature during the period of observation 
was 101°. The air was as dry as it usually is in April in Lucknow 
the place in which the observations were made. 

Water at a temperature of 91° was put into a matka at 
11-10 Jlrs. one day. It went through thejfteat of the day and the 
temperature at 17-110 l'lrs. was 77°. The next day the temperature 
was 71 and on the third morning at 8 o’clock when the air tem¬ 
perature was s-i° the water in the matka reached its minimum tem¬ 
perature of 69X°. 

2. The range of temperature that concerns us aud the appara¬ 
tus sketched is that, say between 77° and 91°. With dry air and 
electric fans or punklms the higher is a tolerable and the lower a 
cool temperature. We need not trouble about the lower tempera¬ 
tures of the second and third days. 


Treating the matka as a sphere, the diameter being 13" we get 

Volume - ? where dia —13* * 

6 

22 w 13 w 13 13 , , , - . , 

— x x ^2 * |2 + ^ I'ubic feet 


11 x 2197 


7 ~ 12 
_ 11 x 13 
“ 21 x 12 “21 x 1728 
Surface — n d 2 where, dia. = 13* 


= 3/3 cubic 1 , feet 


_ 22 13 13 _ 22 x 169 

~ 7 12 12 " 7 x 144 

■--3.7 square feet. 


3. But the whole of the water in the matka is not in contact 
with porous surface. Assume that only 7/8 of the surface is avail¬ 
able for cooling purposes, then 


2/3 cubic foot water is cooled 14° in 6 1/3 Iirs. by a surface of 

7/8 x 3.7 square ft. 


1 c. ft. water is cooled 1° in 1 Hr. by 7/8 *3.7* 
2.2 square feet. 


2 

3 



19 

3 
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Water requires 62.5 BTltUs to raise 1 e. ft. 1° in temperature 
in 1 hr. * 


1 sq. ft. porous pipe absorbs BTliUs per hr. 

=28.4 RTlilJs per hr. 

4. At the time that the above mentioned observations were 
made, i.e., with a maximum air temperature of 101° it was observinl 
that a room on the N. E. corner of a house rose in temperature, the 
room being closed to exclude warm air from outside, from 84° at 
9 a.m. to a maximum of about 92°—this maximum being reached 
at about, 14 Hrs. It may be taken that this room warmed up 8° in 
5 nrs. It is admitted that, the observations were insufficient to 
establish all that it might be desirable to establish, but they gave 
some information to begin work on. Because the room was on the 
N. K. its walls ceased to be subjected to the direct rays of the Hun 
’at, 12 noon. Only the roof was shone upon after that hour. The 
chances are that, there was little actual increase in the temperature 
of the room after 12 noon. Assume that this is so and that, the rise 
of temperature from 84° to 92° took place in 3 Hrs. 

1 BTliIJ will warm up 55 c. ft. of air 1° in temperature. 

The size of the room was 10' x 17' x 18'. The number of 
BTliTTs that it would absorb to raise the temperature 8° would be. 

10xl7xl8x8 = : 3niC8 =T1;; „ TlitJs 
55 


• Add some 25% to this to allow for errors and hotter days, then 
we may reckon the number of BTliUs per hour absorbed by the 
i;onm as/100 BTliUs. 

5. A healthy adult gives off some 15.0 <■. ft. of air per hour 
when at rest and more than double this when working hard. Sup¬ 
pose lie gives off 25 c. ft. at a temperature of 98.4°. Suppose it is 
desired to reduce this temperature to* 84° then the number of 


BThTTs 


oc x 14 5 

per hour to Ik* absorbed - ^ ’ BTliUs per Hr. 

= 6.0 BThUs per hour which is negligible compared with the 300 
BTliUs above. Even allowing for three or four persons in so small 
a room the percentage of increase of BThUs would not be more 
than the percentage that may be allowed in the making of the 
apparatus for just such contingencies and variations of manufac¬ 
ture. 


6. Now it is desired to ventilate a room 16' x 17' x!8' absorbing 
300 BThUs per hour, from the Sun and maintain the temperature 
of the room at the same temperature as it begins in the morning, 
day in this cas 2 , 84°. . 
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The air will be taken from the North, or cool side. Suppose 
the tdhnperature of the outside air on this side is 120°. The tem¬ 
perature of the air let into the room must be somewhat lower than 
84° in order that 300 BTh Us of heat might be absorbed by it and 
the temperature not raised above 84°. 


Suppose that the air cannot be cooled before entry below a 
temperature of 80°. Then the quantity of air at this temperature 
that must be provided per hour to absorb these 300 BThUs is 


-«r 


300 x 55 

4 


c. ft. = 4125 c. ft. 


4125 c. ft. at 80° is at 1 20° =• 4125 x ft 91 ** 0 * c> ft . 


401 


4125 x 531 
101 


= suy 4500 c. ft. 


to 80°. 
ing 


Tlie air supply is 120° in temperature. This must tie coolerf 
Therefore the cooling apparatus must be capable of absorb- 


4500x40 

55 


BThUs. = say 3300 BThUs. 


Observation showed that porous pipes are capable of lowering 
the temperature of water to 09°. If the water in the cooler began 
at this temperature at 8 a.m. it should not rise in temperature 
above 78° by 12 o’clock and the quantity of water that in four hours 
would absorb 3300 BThUs for a- rise in temperature of 0° 


4x3300 


But evaporation off the surface of a porous pipe would be cap¬ 
able of lowering the temperature 0° in 4 hours, so it is not 
necessary to provide for more than one hour’s supply of cooling 
water and the size of the tank need not bo greater than £ of the 
above, or say of 0 c. ft. capacity. 


8. If we made this 0 c*. ft. tank 3 feet deep its area would be 
2 sq. ft. 

The area of exposed porous surface required to cool 6 c. ft. 
water iu contact with it 2£° per hour (conditions only require 2£) 
=5J *6=33 sq. ft. 

Pipes 3 feet long with a total surface of 33 sq. ft. would require 
a total width of 33/3=11 ft. 

Make the pipes 5J* internal diameter then, the number of pipes 
3' x5J* required to cool a 6 c. ft. tank of .water 2£° per hour= 
11x12x22/7*2/11=8 about. 
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The area that 8 pipes 3 feet long will occupy in the tqnk of 

. . . o 22 llxlt* 1 

two foot area=8 x ^ x x 

=1.32 sq. ft. (plus an allowance for thickness). 

9. To find the size to make the opening for the inlet of fresh 
cooled air:— 

Temperature of air in cooler = 80° ^ 

Temperature of air in Room =84° 

Depth of cooler =- IV 

Height of column of descending air - 3' 

Co-efficient of expansion of air=1/491 per degree. 

• The column of air at 84° required to support a 3' column at 

80°=3 plus x 3=3 1/41. 

# The cold air will descend with the velocity of a body falling 
through 1/41 feet. 

V= V 2gh = ^ 2 x 32.2 y 1/41=1;} feet per second. 

The air required is 4500 c. ft. per hour. Therefore size «4‘ 

. - . . , 4500 4 i - . 

inlet required = — - x = 1 sq. foot. 

Oil x oU o 

10. The quantity of air coming into the room is 4500 c. it. 
per hour* The quantity of air going out should be the same. This 

ill pass through porous pipes, the cross sectional area of which ih 
1.32 sq. ft. The velocity at w'hich this air would pass through tin? 

porous pipes would be ^ q ~ 2xflOxC (T “»* 95 feet I 1 ®* seeond > which 

should lie fast enough to evaporate, moisture on the surface of the 
porous pipes. 

11. The exhausting agency would be a black iron chimney 
<; feet high exposed to the heat of the Sun. Suppose the chimney 
heats to a temperature of 140°. The temperature of the room 
from which air is to be exhausted is 84°. The difference of tem¬ 
perature is 56°. 

Velocity of out-going air=8.2 Vh where-h = 

(li = G+ (56/491 x6)—ff= .7). . =8.2x ^.1 feet per sec. 

=6.9 feet ner second. 
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4500 c. ft. of air per hour pass through this chimney. The 

cross sectional area of the chimnby to pass this quantity of ail* 

should be 

4500 ^ 

sq.ft. =26 sq.m. 


Add 20% to this for friction and the diameter of pipe necessary 
works out to 0£ inches. 

12. With the figures worked out in the preceding paragraphs 
we can proceed to design our apparatus, erring always on the 
liberal rather than on the close side in our dimensions. The draw¬ 
ing accompanying this appendix was prepared many years ago and 
it is now discovered does not quite fit the calculations. The design 
also is rather elaborate but any Engineer can prepare a simpler 
design fitting the calculations. It is clear, the writer believes, that 
the addition of a few seers of ice to the water container every 
morning would greatly improve the cool air supply. The water 
cooling units should be so designed as to Ik; easily removed and re¬ 
placed. They should as far as possible be all alike. 























A1»1»END1X III. 


1. Much of what haw been said iu the accompanying paper ou 
Cooler llouaing applies a fortiori to ltailway carriages. The rail¬ 
way carriage is a box on wheels in which in India men, women and 
children often spend long periods of time. In some parts of India 
travel in them is not too bad. even in the hottest weather, so long 

„ us file train is moving or the air can be agitated. But in the drier 
and hotter parts the heat in a Kail way traiu often beggars des¬ 
cription. Where there are many persons in a compartment it is 
hard to do without opening the windows to let fresh air in and 
the temperature of this fresh air might be as liigli as 140° or more. 
Witli the windows closed and only one occupant per compartment 
the rising of the temperature to 140° is only retarded. In tlit* 
upper class carriages, the action of the ceiling fans, which it is 
impossible to do without, merely speeds up the heating of the com¬ 
partments, for they drive air downwards towards the floor from 
which it rises ail round along the heated sides and close to th|F 
more heated ceiling or roof to descend again l»y the force of the 
fan. Moist cloths hung in the air-stream at a high level help to 
mitigate the hardship but the very moisture is inimical to prolong¬ 
ed improvement. A cool air inlet and a hot air exhaust is required 
in each small compartment and more iu larger. The very motion 
of the truiu is helpful towards both pumping in cool air and ex¬ 
hausting the. warm, and when the train is not in motion the ce iliifg 
fans can be made to help matters, more than one way would be 
suggested to anybody giving the matter thought. Exhaust ail* 
would probably always be taken out through the roof, inlet air 
might come in through the floor, the ends or the sides; in the case 
of the sides the user could be given the option of taking it from one 
side or the other in order that the sunny side might be avoided. 

2. The following is a description of the combined cool air in- 1 
let and hot air outlet proposed as a unit fora railway carriage or 
compartment. If drawings were prepared of this they are not 
forthcoming, but the sketches will serve to indicate the nature of 
ttie apparatus. 

3. Assuming that the maximum temperature mentioned above 
is somewhat exceptional, there is no doubt whatever that 120° is a 
common enough temperature in a Kailway carriage. The appara¬ 
tus is designed to the following data :— 

Size of compartment 10' x 10' x 8' 

Temperature in the morning at 8 • ... =82°, say 

do, at 12 noon ... =120°, say 



COOLER HOUSING. 


47 


The endeavour will be to keep it at 02° 

The temperature increases 120° “-82°=38° in 4 hours. 

No. of B.Th.Us absorbed = —~ £S —;-per hour 

DO X 4 

=138 BThTJs per hour. 

138 BTbUs per hour would raise in temperature 1° 

138 x 55 c*. ft. of air per hour. 

= 7590 v. ft. of air per hour, and if the opening 
through which this entered were made of a clear area of £ sq. ft. 
the velocity of the incoming air would be 8.4 feet per second or 
about 6 miles an hour, a reasonable speed. 

Suppose the air outside has a temperature of 140° and this has 
to be lowered to 91°. Then the cooler must absorb 

.- rr —BThTJs per hour 

BO 

• =0762 j f m 

At night with the air playing through it the cooler will tend 
to cool down, very considerably, and 75° should not be an Unreason¬ 
able minimum temperature for the water to attain in a moving 
tyain. Taking the morning temperature of the water at 8 a.m. as 
^5° then the volume of water required in order that, absorbing 
6762 BThTJs per hour, the water, by 12 noon, should not rise in 

temperature above 91°= ^^*^=45 gallons. 

But a porous pipe can lower the teni]>erature 15° in 4 hours 
and the tank need not contain more than 45/4=1gallons. 

Tlie area of porous pipe that would be required to lower the 
temperature 150° in four hours would be 
• • 5$x 15/10 sq. ft. per c. ft. of w*r**r=7J sq. ft. 

4. Porous pipe 5 7/ dia. has surface per foot-run of 1 1/3 sq. ft. 

Area of porous pipe required to cool 11J galls. 

"a^ x7i=13isq - ft - 

Therefore length of pipe required = 10 feet. 

Tlie box should be at least half this length. Make It G feet long 
inside. 

Tniet occupies 1/4x6 c. ft. =1J c. ft. 

. . 2 x 22 x 25 x 6 - - /0 

Outlet occupies —^— A hA - A . . . =1 5/8 c. ft. 

• ^ ft JC Xtx 


Total capacity of box to be water l 4 / n , inlet 1$, outlet l 8 /* 
=say 5 cubic feet. 

Length of box=6 feet. Width must equal l' +6 # + 10" +1' 
=18' 

Then depth=5'xl/6x2/3=say 7 inches. 
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DISCUSSION ON , 

COOLER HOUSING. 

COltRKSlH >NDKN< -K. 

Ma. J. \V. Mkauics remarked that lie wan interested in Mr. Mr. j. w. 
Morgan’s paper, because lie took out the patent referred to for the &**•***• 
use of hollow walls combined with air-cooling by fan. The Delhi 
authorities got so far as to design two houses, identical in every 
other respect, one with solid walls and the other on his principle; 
but the war stopped their construction, and he did not keep up the 
patent. It was therefore open to anyone to construct such houses. 

The cost was some 20 per cent, higher but the miming expenses were 
not serious where electricity was reasonably cheap. 

It seemed, however, probable that some combination of Mr. 

Morgan's ideas and his own might ho feasible and more economical. 

It was well known that solar heat had been used in Kgypt for an 
experimental power plant, with the help of mirrors. If a hollow 
walled building was constructed, with Nationalized air passages n> 
accordance with his design, and with similar t.hennnntidotc arrange¬ 
ments, direct solar heat, supplemented possibly by retlectors, 
could perhaps be utilized to give the necessary up draught to the air 
from a blackened drum, a short iron chimney being used as the final 
outlet. , 

In theory the principle would work, if »t were successful in 
practice it would do much to alleviate the hot weather in dry 
localities—of course it would Is* useless in places like Dengal*. It 
seemed surely worth while for Government, to start where they left 
• off in 1914, and to build one pair of comparable houses as a pro¬ 
mising and inexpensive experiment. ,ti„ 

Dewax Bahaiii k A. V. Ka.mali.noa Aiyak said that the paper Dewtm 
was an interesting one and no doubt provoked thought on a sub- 
ject which had had very little attention bestowal to it. The sub- nii»» Aiyar. 
ject, vis., Cooler Housing was rather fascinating but was a very 
complicated one. There were ever so many factors that entered 
into it, and obviously only a very few of them had been dealt with 
in the paper; naturally what place these had, how far they affected, 
what was the contribution these made in cooler housing, were still 
in the region of experiment and elaborate experiments were re¬ 
quired before these questions could lie answered. Consequently, 

B 7 
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, an considering the cost of building houses, the fact that however much 
tadur jjn Engineer was anxious to conduct experiments on a scientific 
i A^r. basis, in the absence of help from the Slate, his progress would be 
limited by his purse and could not even for the richest, of the 
Engineers extend to more than a house or two. The progress 
would be very slow unless Government or some rich Institution 
could take this up for special investigation. 

Let. it be seen for a moment what these other factors were: — 
nearness to hills, nearness to the sea, proximity to a wooded 
forest., proximity to lakes, elevation, direction of winds, general 
rainfall, wet months, dry months, cloudy months, humidity, etc. 

Thus none thought of cooler housing either at Ootacanmud or 
in Alercara, or in Bangalore. Cooler housing at Madras would be 
a somewhat different problem from what il was on the West Coast. 
In one place the Sea was on the East and in the other on the West. 
Similarly, places with hills on the East, would have to be dealt with 
differently from those which had them on the West; places on one 
side of a wide river or a large lake would receive a different treat¬ 
ment from those on tile other side. The author, himself, had re- 
eogised the difference in para. -II, between a humid and a dry 
place. 

Out of a host, of elements, the author had dealt with only one, 
viz., the effect, of sunshine. Here it must he said that it was not 
clear had lie derived the coefficient as cotangent in para. 14. This 
would have to be explained further. Then again where factors 
such as shadow, etc., had not been elaborately dealt with, it might 
jiot. be even conducive to any accuracy to leave out the factor men¬ 
tioned in para. 12. Tt would he worth while investigating this 
mathematical theory a little further and assessing the effect of the 
angle of impaet at different hours in the same day and in different 
months. We were of course concerned only with the hot months in 
ouch place. 

Theoretical considerations, no doubt, led to north facing in 
the northern latitudes but*this was unfortunately one of the im¬ 
positions of the western engineering conditions and had now been 
given up even by the Government, which constructed most of its 
lffth century buildings on that idea. The southern Indian on the 
East. Ooast. always preferred a south facing building perhaps for 
the following among other reasons :— 

(in He got the south-west monsoon winds but not the rains 
and tliis monsoon coincided with this hot season. 
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(6) The south facing rooms got plenty of light and at the same Dewan 

time were not exposed either to the morning or evening i 

sunshine, the former being more unwelcome. unga Atyatnui 

Again the Indian in cities was more con lined to living in 
streets and here again the south facing of the indhidual houses 
meant the east facing of the entire block which accorded with the 
authors idea. 

Earlier portions of the paper were no doubt very useful in that 
they explained the idea, of sunlight houses but the paper rather 
abruptly turned to the subject of shadows without telling us how 
the theory had been applied, if it agreed with practice, etc. The 
same applied to the methods of cooling houses and railway 
carriages. He Imped that the author would be able to 
apply these methods and give 11 s the benetit of his further experi¬ 
ments. From a comparison of the sunlight houses, it had been 
made out that a pent roof was cooler than a Hat roof but this was 
with no allowance for the fad that the former was a much thinner 
roof and would therefore permit radiation and conduction on a 
larger scale. 

No doubt from the angle that the author viewed the use of 
khas thatties, its position seemed wrong. Let it Ik* considered in 
this way. There was the room with its air coat eats of which only 
the bottom <>' or K' height, were used. The upper portion contained 
hot air which could only go up and could not conic down. Air was 
a /ail* nonconductor. And let us suppose that the room had sufficient 
doors and windows up to a height of S'. Then obviously it was not 
worth our while to Ik* cooling all the upper lir above s' and it 
would suffice if we did it for the height we used, ami so long as 
sufficient replacement of this air required for breathing purposes 
which the author had shown was comparatively a small quantity 
then then* was rffi object in cooling tin* upper air and inducing a 
draft much above what was required for air purposes. 

There was one other point lie wished to meiitiob and that was. 
that comfort in hot weather perhaps depended more on the. absence 
of sweat than even on temperature and so long as a ceiling fan did 
this and also helped to cool the air in the bottom S', even itN 
position as actually adopted might not have any serious drawback 
and even a ceiling fan could not in a large room induce more than 
a few ripples which would die in the room itself and so a ceiling 
fan did not induce any heavy draft. • 

Dr. Chakko said that gardens and trees had an important in- jj r K 0 
fluence on the coolness of a dwelling house. The uature and direc- Chakko. 
tion of wind also affected the temperature. The author discussed 
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the* problem mainly from the (lesion of the house. There was a 
possibility of other aspects being considered of minor importance, 
or of no importance at all, whereas it was quite possible that 
gardens and trees suitably situated might give cooler houses more 
cheaply than by special design. 

lt.\o B.ui.vjmu Kiusiinaswami <Tjktty remarked that while ap- 
preeiating the work of the Author of the paper “Cooler Housing,” 
lie would like to point out that the Author could well have men¬ 
tioned something about the use of Electric Refrigerating Apparatus 
for cooling houses, lie anticipated that in the next few years 
there would be small, cheap and economical refrigerating blowers 
for domestic, use. Such a unit would cost not more than 
Its. 1,500/- while the current consumed by the Refrigerator would 
be about 5 units per day. This apparatus would be suitable for an 
average minimum sized building. 


Mu. 1C. K. Dksiiki'si.ais said 


that the subject involved two 


general Muck of investigation 
p/) The existing heat 

( h ) The protection of the interior of houses from this heat. 


The Author had attempted to give his reasonings a mathemati¬ 
cal appearance, but there were many contradictory, illogical and 
incorrect statements which required explanation before, the sub¬ 
ject, as investigated by him, could hold with the accuracy of 
mathematical deductions. 


First of all in regard to para :t, it was well known that the 
prevalent breezes, north of the tropic of Fancer and in places like 
Patna, blew in the hot weather from West to East coming from 
the Punjab deserts and were not North and South. It was for 
that reason that the cngin<*ors in that place, planned their build¬ 
ings with the long axis running North and South. In para 112, the 
Author stated that “02° of dry heat was much more desirable than 
82° of moist heat.” 


In regard to para li tin* Engineers of Patna took advantage of 
the cool North side for bed rooms etc. and did not add verandahs 
on that side, making the building much cheaper: and in the ease of 
Educational buildings they placed the long axis East and West 
without a verandah on the North side, getting the advantage of the 
even light from that side, so essential, without the glare of the 
South light. 

In para 5 the Author seemed to think that orientation was the 
most important part of the lay out of buildings, which would 
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render architectural forms impossible, and only box-like structures Mr. e, e. - 
necessary, this practice was not at all universal and would be Deflbru " 1 * 1 ■* 
hideous. Coming to the mathematical part, it was evident from ^ 

what he called in paras 7 and 10 HSAII, that any area parallel to 
the Horizontal was counted as not heated by a. Horizontal moving 
sun; whereas when he came to what he named VSAll, he did not 
omit any areas parallel to the Vertical moving sun (a) the former 
excluded the roof area, and the latter which should include only 
the roof area, included the heating of the vertical sideN. This was 
illogical; as the premises are changed in each part, of a mathemati¬ 
cal reasoning, for the same subject. As for example taking para 
(1(M tiv & v) the vertical SAM would be 4 times as much in the 
former as in the latter case and if 12 hours was recorded as the 
maximum number for heat area in the former the VSAll for iv 
would lie 12a 2 , for heat area in the latter the VSAll for v would 
die 3« 2 and not (»« and 24a respectively. 


For IV, we got HSAII=30 a 
VSAH = 12 a 2 

and For V we got 1ISAI1 =30 n 

VBA 11 - ;u s 


j lay walls face N. & S. 

\ lay walls face 10. & W. 


and so the orientation of the latter would seem to Is* better than 
the former and the best which was not the conclusion arrived at 
by him in para 15 and K>. 


* In fact as the Sun was never at all horizontal when the heat 
from it, was effective, but on the contrary was nearly vertical when 
Hie heat was effective, it would appear that orientation, if above 
considered, would be guided by the VSAll . . for the roof and not 
by the HSAII of the walls; and the HSAII in both cases of IV and 
V were the same as calculated by the author. 


From Para Hi to It) the Author seemed to commit the error of 
combining the heating part with the part for protection against 
the heat, and his conclusions were incorrect. 

What he nienut. bv a flat, roof of height was no more than a 

o 

thickness of J which in case of a building say a 30' or 72' long 

6 

36 

x IK ft. wide (a. Barrack) would miuire a roof = 6' thick, 

o 

whereas a corrugated iron gable roof with a thin ceiling would 
protect the interior from heat quite effectively or a flat roof with a 
thin ceiling. 
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VVliat did a roof, flat,, 0' (hick for such a building resolve itself 
into when considered from a hollow point or from a workable 
economical point of view? 

The Author did not give any result which would lead Engineers 
who studied his paper, to come to any conclusion. It was not the 
volume of roof to absorb the heat from the sun that was the most 
economical, but the spacing between roof and ceilings of a column 
of air always in circulation, as in the case of hollow walls recom¬ 
mended by the Author in paras 27 & 28. 


The paras, relating to shadows in paras. 21 to 25 were very 
instructive and very useful and should be a guide in design. 


in para. 2<i the remark that the roofs should be of Asbestos 
(Vment. among other materials led him to mention the great pro¬ 
gress made in this material which was known as “ Halit." 

The Asbestos (Vment was supplied in Hat sheets for ceilings 
and walls (leaving an air space for cooling); in the' corrugated 
forms and flat, tiles for roofs the colours being in Grey and He(l, 
The coolness of a House utilizing these materials could well be 
imagined. 


lie Jmd arranged to gdl a two storied house, hot upstairs on 
account of a very low roof and no verandahs, covered with this 
material using the existing pucca roof as a ceiling. The author's 
suggestions would guide him. 


The note on Khus-Klms-tatties in paras. 31 and 22 gave seienti 
tic ideas for their use, and would be verv useful to all who used 
these and the apparatus mentioned and designed by the author in 
paras. 32 and concluding paras if taken up commercially, would do 
away with the waste in the use of Klius Khus tatlies in their 
renewal and maintenance, in large institutions their benefit would 
be untold. AVjis flu* formula on page 1(5, Area of Dome 


= jj- X IT X 



correct ? 


Should it not be 



ami of the surface of zone is 2wR\V. 


From the calculations in the Appendix given by the author it 
appeared (with regard to roofs of different types) that the author 
had promised the following :— 

“That with roofs of the .same covering area and same volume 
presented to n Vertical Sun, they were heated differently owing to 
their presenting different excrescents to the heating vertical rays’* 
the reason being that the Vertical Sun had to travel a longer dis¬ 
tance over these than over a flat surface. 
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This was not true for if the position of the huh at. any n r , & e. 
moment with reference to trilinear rectangular co-ordinates 
was consideml it would be seen that firstly all three co ordinates 
of the intensity of any ray oblique to the roof were less than the 
origami. Secondly that two only out of three could affect the roof 
with any excrescent above the covering area, a horizontal and a 
vertical resolute. Thirdly the total intensity would he either of these 
multiplied by the projected area of the excrescent on planes normal 
+ o them, which was certainly not what the author assumed as 
premises for his calculations. 

II. If for comparison we followed the author and allowed 
only a. vertical ray perpendicular to the covering area ol' the roof, 
then the value of the intensity would he, the vertical intensity multi¬ 
plied by the area of the horizontal covering area {a) would he same 
tor all roofs; the time total intensity would depend, on the 
orientation of the building (or its roof) beiug small when the 
smaller axheof the building was Hast and West and larger when 
the longer axis was Hast and "West. The results from this wen* 
contrary to the author’s predictions as shown before. 

III. Using trilinear co-ordinates (rectangular) for any posi 
tion of the sun, we should further see that, of the three eo-ordinates, 
only that one which was horizontal and perpendicular to tin* sides 
(walls) of the building could he considered as able to heat them 
directly by impinging on them, the other two co-ordiuateN (a verti¬ 
cal and horizontal) lay in planes parallel to tin* walls and lienee 
did not ufleet, them the surrounding air would be heated only; 
these rays would not impinge on the wal.'. This had been dealt 
with in previous paragraphs, as different from the author, who had 
taken into account vertical rays when dealing with the wsills of a 
building. 

■* 

In reply reimirktsl that he was wholly in agreement with Mr. T ,„. Alltlic 
Meares that the subject was worthy of experiment. Ife would not, 
however, use any plant at all for smaller houses, but would design 
them so that the heat of the Sun and a certain amount of manipula¬ 
tion would do all that was needed. For larger buildings, mechani¬ 
cally, electrically, or otherwise, forced draughts might be needed 
to supplement the design and might prove economical. Very large 
buildings alone could justify the use and cost of refrigerating 
chambers and the like. 

To deal adequately with the subject of “Cooler Housing” 
would require a- treatise, riot a paper. Experiments could be 
carried out anywhere where numbers of buildings of the same type 
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were being erected, whether by Government or by Private enter¬ 
prise. Only comparatively unimportant differences need lie made 
in the various structures for the purposes of experiment, but close 
watch would have to be kept over operation and close records of 
results. 

lie had dealt in his paper with certain principles; obviously 
locality affected one’s outlook and should be given due weight. 
Humidity would not greatly affect the principles, but would cer¬ 
tainly affect the methods of design and the results. It would he 
the duty and, one hoped, the pleasure, of every designer to consi¬ 
der every factor and allow for it. All the points mentioned in the 
criticism did not have any effect on the course of the 8 un. 

Mr. Aiyar accused him of having dealt, with only one out of a 
whole host of elements, viz., the effect of sunshine. It was the sun¬ 
shine that, caused the heat, not only of the building itself but ot 
the whole laud we live in. The problem he had tried to deal with 
in part of hit* paper was how to place out buildings so that they 
would absorb the least amount, of heat, which he had taken to 
mean how to place our buildings (each wise should of course he 
treated individually) so that the least amount of surface would be 
exposed to the Sun’s direct rays. 

There was no difference from the point of view of the paper 
between Southern facing and Northern facing. See para, (i where 
“the orientation of dwelling houses so that the major axis runs 
East and West” was referred to. Whether the North or the Smith 
was made the front of the house the Suu shone on the South side. 
Breezes could blow through such a house just, as well through the 
hack as through the front. The designer must give due weight to 
every factor and he must know his factors. 

Mr. Aiyar complained that lie had not said how the theory 
agreed with practice. He would refer him to the last sentence in 
the first para, of liis paper. About the remark concerning the com¬ 
parison of flat and pent roofs he must compare comparable things. 
Obviously where shapes were being considered the materials and 
other conditions must wot be dissimilar. 

Wliat. Mr. Aiyar said about, klias tatties was right up to a point. 
But he did not want, and avoided, stagnant air in rooms, particu¬ 
larly in hot climates; the air was kept moving if it was possible. One 
way might be by having “sufficient doors and windows up to the 
height of 8 feet.” Nobody would tit all these with kkas tatties and 
if they did and could arrange a blow through them there would still 
be 9 x 1 inwardly descending slope of cooled air. The lowest layers 
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of nil* would bt* coldest, aud with chilled feet and warm heads The Auth< 
■would come, he believed colds and rheumatism. Better a higher 
temfierutiire of more uniformly cooh*d air with the cold air splash¬ 
ing into the room from a height like water into a cistern, setting 
up currents and eddies which in themselves, by definite movement 
would help carry away moisture from the skin. 

The “absence of sweat" that Mr. Aiyar found as a desideratum 
was largely a matter of the moisture content of the air. Even if 
such air could Ik* kept moving the nearer it was to saturation the 
less would it take up of moisture from the body however much it 
was agitated. The ceiling fan did not cool the air, it merely blew 
it down to find its way up again along the walls. 

lie would refer Dr. Chakko to his paragraph 24. Iaiwns and 
trees judiciously placed and the former regularly watered have 
considerable cooling effect, but. trees could be overdone. The writer 
had had experience of places made warm by tot) many trees which 
were considerably improved both in coolness and appearance by 
judicious thinning out. 

lie would refer Kao Bahadur ('. V. Krislmaswumi Ohetty, to 
his reply to Mr. Meares’s remarks. Poorer people have not yet got 
to Pnukhas and electric fans and he would improve the conditions 
of life for such people also, by file proper design of their houses 
and their surroundings. Mr. E. E. Desbruslais had done him the 
honour of studying his paper in great detail and commenting on it. 
at length. He was not sure, however, that he had not. given the 
mathematical side of it rather exaggerated importance. It would 
If- appear also that he had his facts wrong with regard to Patna. 

He had nowhere suggested That orientation was the most, im¬ 
portant part of the layout of buildings, lie had merely attempted 
to show that, it was a factor which'was at least worth considera¬ 
tion. Nor did his arguments render architectural forms im¬ 
possible. There was no reason why a structure should l>e boxlike 
merely because its major axis should preferably lie one way rather 
thau another. Where Mr. Desbruslais said he was illogical he had 
not his facts right. The comparisons made in paras. 7 aud 10 dealt 
with walls only. Would not a Hun rising in the east and setting 
in the west and moving in the vertical plane between these points 
shine for half the day on the east wall aud the remaining half on 
the west wall? In para 14 an effort was made to combine hori¬ 
zontal and vertical figures, the roof being ignored in every case 
because the roofs were all equal and the Sun shone on these roofs 
the same amount' in each case, viz., all day long. It might be 

b s 
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Author, noticed also t.ha( the multiplier of VSAU was 51 whereas of HSAH 
it wus only I. 

He was afraid his critic had misunderstood paras. 1(> to HI. 
Hoofs to l»e comparable must he considered to he of the same 
materials, not of various materials. For fair comparison all the 
roofs must have the same volume. Pent, pyramidal, conical and 
doomed roofs stood on definite liases and had definite volumes above 
these bases including the volumes of the materials of which they 
were made. Flat roofs made of the same materials would have 
considerably less volume. To give them equal volume they must 
be given a parallclopipedal form. Thus the horizontal surface of 
the flat roof of the comparison was raised a/ti above the walls and 
vertical pieces of ••roofing” extend downward to tin* tops of the 
walls. There was no suggestion of making a Hat roof <> feet thick. 
Thickness was not referred to at all. 

The voliuue of a dome as given by Mr. Desbruslais was correct^ 
not as printed on page Mi of the paper. 

Tn his comparisons not only the vertical rays of the Sun wc^e 
considered but flic whole period of the day in which the walls or 
roofs were shone upon. See para. 12. The angle of total absorp¬ 
tion was assumed at 0 Q , not at t)«°. Different materials had 
different angles of total absorption, some reference to which was 
made in para. 25. 



NOTES ON 

THE DESIGN OF SEWAGE DISPOSAL 

WORK 

BY 

F. C. TEMPLE , Member. 


A student of books and papers on sewage disposal works must 
be impressed by Hie amassing variety, not only in the methods of 
• sewage disposal but. also in the methods of thought with which 
Mb wage disposal problems are approached or discussed, and 
fiy the absence of any generally accepted criterion on which 
the design * of sewage disposal works is based. Descrip¬ 
tions of different sewage disposal works differ so entirely iu the 
information given that they might very well 1 m* thought to be 
dealing with entirely different subjects, and curiously enough the 
analyses of the sewage to be dealt with vary so much that at first 
sight the problem of its disposal appears to be different in 
essentials: and yet the problem of sewage disposal is substantially 
the same all the world over. 

• The problem is the oxidisation and nitrification of the 
putrefactive constituents of animal excreta to harmless non putre¬ 
factive compounds without giving rise to any nuisance in the 
process. Modern social conditions are such that for practical 
purposes it is the oxidisation and nitrification of human excreta. 

Within certain fairly well defined limits, tin* average quantity 
and quality of excreta produced per head is the same everywhere. 
.The scope of each particular sewage disposal problem should t.hei*e- 
fore be expressed iu terms of the number of persons served, and the 
first thing to lx* ascertained in dealing with any sewage; disposal 
problem is the number of persons whose excreta is to be rendered 
non-putrefactive or in other wonts the number of persons to l»e 
served. 

But the number of persons served is by no means always stated 
in a description of sewage disposal works. It is very common to 
find the remark that the senvage under consideration Is strong or 
average or weak. In a list compiled from a large number of 
publications containing 81 descriptions of sew'age works or classi¬ 
fications of sewage, only-56 give the number of persons served, only 
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30 give any dctiuite indication of the claws of sewage by stating the 
strength of the sewage in gallons per head, and 18 more by giving 
an analysis of the crude sewage- and the population or the total 
quantity per day. 

A perusal of this list will show how varied is the information 
given in different descriptions of sewage works. Hardly any two 
items are alike and scarcely any give all the information that is 
desirable, and the difficulty of comparing one installation with 
another is immense in consequence. 

The data most commonly given are :—for broad irrigation, or 
treatment of crude sewage direct on land, thousand gallons per 
acre per day: for detritus tanks, sedimentation, septic and 
activated sludge tanks, either period of rest., or gallons capacity 
per day : for contact beds, period of contact: for trickling filters, 
gallons per square foot of area, or less commonly gallons per cubic 
foot of filtering material: and for storm tanks, so many hours 
(low, or so many times the average dry weather flow. Analyses arc 
usually given in parts per 100,000. Unless the strength of the 
crude sewage is known, it is impossible to compare tlie efficiency 
•if two systems, for if two similar systems are working equally 
efficiently on sewages of different strength, the analyses of the 
tinal diluent will vary according to the degree of dilution of the 
crude sewage. 

The. use of sewage data in this form implies the fundamental 
error of regarding the water mixed with the sewage as the sewage 
itself whereas it is the vehicle in which the sewage* is conveyed. 
The quantity' of water mixed with the sewage, or more briefly the 
extent of dilution of the sewage makes a profound difference in 
the details of the sewage disposal apparatus, but the underlying 
principle is the same, namely,that for every person served a certain 
amount of putrefactive matter is to be oxidised and nitrified. 

The essential function of any sewage disposal system is tin* 
miiietion of unstable putrefactive organic compounds to stable 
non-putrefactive compounds. In all systems except trenching, 
incineration and broad irrigation this is done partly by mechanical 
and partly by biological means. Tlie mechanical part of tlie 
operation consists in separating the solids from the liquids, and 
the biological in oxidising and nitrifying the unstable compounds 
in tlie liquids. Tn almost, every form of disposal works, the 
mechanical separation is not completed in one operation, but is 
carried on in a series of operations. 

The first of these operations is the extraction of large.floating 
solids other than faeces, such as sticks and vegetable matter, by 
means of screens, and of mineral grit, chiefly road material, by 
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settlement. Very few installations except Indian Septic tank 
iat riiies omit screens and detritus tanks or grit catchers. 

The second operation is the separation of the solids and liquids 
of the sewage proper. The apparatus for performing this operation 
is extremely varied in form. The simplest form is the sedimenta¬ 
tion tank which either keeps the sewage at. rest for a certain 
period, or reduces its velocity to such a point that the. solids settle 
as sludge. This process is sometimes assisted liy chemical 
precipitants. It aims at extracting the maximum quantity of 
solids which being in a highly putrefactive condition have to be 
barged out to sea or buried. Any possible manorial value in the 
sewage is lost by this method. The* next form is the septic tanK, 
or liquefying tank, the details of which are extremely varied, from 
the simple Cameron or (.'leuieshn pattern, to the Travis Hydrolytic 
tank, or the Dibdin Slate lteds, which present, large, surfaces to 
Attract Jloating matter. These tanks produce much less sludge 
thau mere sedimentation tanks; but the sludge is inore or less 
offensive and of little mammal value, and therefore not easy of 
disposal, unless further treated. The liquid diluent, freed as far 
sfs possible of the suspended solids with their organic contents, 
must. Is* subjected to a further treatment to oxidise the organic 
matters in solution into harmless compounds which will not 
putrefy, or if discharged into a stream take up oxygen in more 
tiian a certain proportion from that, stream. This treatment may 
he directly on land which is irrigated and slightly fertilized by the 
effluent, or on bacterial filters, the effluent from which can also be 
used with some advantage for irrigation. Recent design shows a 
tendency # to sub-divide the separation | rocesses. as in Jameson’s 
system at Pretoria where the liquid is taken from the first tanks 
straight to filters, and the sludge is taken out daily to other 
digestion tanks where a further separation takes place, the liquor 
and solids being finally disposed of.on land, the liquor by irrigation 
and the solids as manure. Jlere the mamirial value is appreciable. 

One process differs from all these, namely, the bioaeratioii 
process, in that it combines the separation of the solids with the 
oxidisation of the liquids in the same operation. The forms taken 
by the process are already varied, and new varieties arc* still 
appearing. The essential feature of the process is that if sewage 
is agitated in contact with air, and the sludge settled out and 
mixed with fresh sewage, and that mixture is again agitated in 
contact with air, an action is set up which not only settles out the 
sludge very rapidly as a flocculent precipitate but also oxidises 
and nitrides the effluent. . Both effluent and sludge from this 
process have very active fertilising properties. 
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The method to be employed for the disposal of any particular 
sewage must be selected to suit (lie character of the sewage and 
local conditions. Many factors must be considered. The first is 
the quantify of the true sewage. This depends directly on the 
number of persons in the locality. Next comes the method of 
collection and removal of the sewage from the residences to the 
disposal site, which may be by hand and cart or by water in 
sewers; and then the linal destination of the products of the dis¬ 
posal system which will be absorption in land or water. 

The simplest, form of all sewage disposal though the most 
primitive, is entirely satisfactory. It is the burying of each 
individual's excreta in the ground in a different place each day 
where the bacteria resident in the upper layers of the soil will 
decompose and oxidise and nitrify it. 'Phis method is entirely 
satisfactory as long as the quantity of sewage buried in any one 
place does not exceed the purifying capacity of the Noil immediately 
surrounding it. It, requires a small amount of water in the soil. 
Sewage buried in pure sand is sometimes robbed* of iis own 
moisture to such an extent that the oxidising and nitrifying 
organisms appear to Is* unable to deal with it. It is then reduced 
to a very offensive mass which may last almost unchanged for very 
long periods. 

This method is only possible in a seat lens I eoiunmuily and 
among primitive people (who usually spoil it by omitting the 
burying part of the process). ('ivilisation, with its requirements 
ol privacy and decency, makes the enclosed privy a necessity. TJie 
privy itself may be a movable structure placed over a new hole in 
the ground each day or ils confents may lie removed daily, (la 
some plan's I he hole is made large and I la* removal only made ill 
long intervals!. As each privy is certain to be made to serve more 
than one person, the quantity of sewagi* collected together becomes 
sufficiently large to wqniro care as to how and where it is buried. 
As the community grows ami the quantity of sewagi* increases, it 
becomes necessary to organise a conservancy system, by winch the 
sewage is buried in a properly managed trenehiiig ground 

An alternative method of disposing of sewage removed by hand 
troiu pmies is by incineration. Tliis is expensive except where 
fuel is very cheap : it is not very easy to handle so as to avoid 
aerial nuisance : and is scarcely practicable on a very large scale. 

All these methods deni with the sewage in its crude, undiluted 
and (a point worth noting) unadulterated state. They are the 
methods applicable to towns in which fas in most towns in India) 
there is no piped water £ apply. and generallv no very large 
quantity of water available. ’ * 
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After this brief review of the methods of dealing with undiluted 
sewage, the remainder of this paper will discuss the problems of 
dealing with sewage diluted with greater or less quantities of water 
and the term sewage will be used for the sewage so diluted. 

& 

Between the hand removal methods described above and 
complete waiter borne sewerage leading from house to outfall there 
remains the intermediate stage of hand removal to water Hushed 
dumping pits, connected either into sewers or into septic tanks. 
This method is very common in tin* lew towns in India which have 
yet installed any form of sewerage system. The main reason for 
not connectiug individual I houses is want of money. Most Munici¬ 
palities in India aire very poor aim! when the prejudice, which still 
unfortunately is very strong, against underground sewers Is 
overcome, it is rare that anything more can be done for the money 
than provide a skeleton system of sewers, serving water Hushed 
public latrines and dumping pits. And even in those streets where 
sewers exist, lew householders will spend the money* necessary to 
connect. AVlicrc dumping is done, the dumping pits are usually 
connected to the sewers. In some of the very Hat towns in the 
plains, for reasons of economy, the sewers are laid at such flat 
gradients that they will only carry tank diluent and not crude 
sewage. In these systems the dumping pits conned direct into 
septic, tanks. And by means of them, in the town of Ga.\a, an 
opportunity occurred to ascertain the minimum dilution of sewage 
necessary for its treatment in septic tanks. 


When the Gaya septic tanks were lirst started up, the dilution 
in some of them was only one gallon per head. These tanks became 
choked with a floating semi solid mass os almost, unchanged faeces 
and the effluent was an extremely offensive, highly putrefactive 
liquid. At lliree gallons dilution more action began to take place; 
hut it was not until 5 gallons was reached that the lioating mass 
of undigested faeces changed to the characteristic healthy scum of 
s good septic tank and the effluent, became such as could be passed 
on without appreciable nuisance. 


Precisely the same experience was obtained 
latrine at Patna. 


from a septic, tank 


"When more water is available any dilution from «> gallons up 
to 40 gallons per user makes a sewage for which several simple 
forms of septic tank work almost equally well. 

When the dilution increases above about 40 gallons per head, 
the solids become so much broken up and so finely divided that it 
is difficult to bring them sufficiently to rest for the necessary action 
to take place without over septicisatiou occurring. 



HI 


THE INKTITI’TION OF ENGINEERS (INDIA). 


At the; same time, speaking generally, the weaker or more- 
dilute the sewage, the easier it is to purify. If it is sufficiently 
dilute the oxygen and other natural purifying agencies in the air 
and water will purify it without any further treatment, and we 
arrive at, disposal by dilution. Thus the two ends of the scale 
offer the two simplest forms of disposal. At one end the neat 
sewage undiluted with any water is put in relatively small 
quantities in the earth. At the other the sewage is mixed with a 
volume of water relatively so vast that nothing further is required. 

Except in a system operated only by hand removal and 
dumping direct into septic tanks supplied with clean water, n.» 
sewage will ever be unadulterated. In all water borne sewerage 
systems, some foreign matter, such as road grit and other mineral 
substances, and kitchen refuse, slops, and other organic matter, 
and in innu c \ places trade wastes will find their way into the sewers 
and so to the disposal works. Even in an Indian Septic tank 
latrine, some road grit, brought to the seats by the feet of the 
users, will come in, and in a completely “separate’’ European 
system, there will be paper, and in both some rags. 

Ail Indian Septic tank latrine is so nearly grit free that the 
grit which enters is insufficient to cause trouble. An ordinary 
*‘separate” system of Newers will absorb enough grit through slop 
sinks and yard gullies, even though those are designed to exclude 
rain water, to make* its removal desirable. A partially separate 
system which is probably the best form of sewerage for most Indian 
towns has enough grit to make its removal very desirable and a 
combined system will contain so much us to render its removal 
essential, if the disposal works proper are to act satisfactorily. 

In addition to grit which will settle, the sewage will contain bits 
of wood, rags and the like, most of which will float, which would 
also interfere with the action of any tank. These are best caught 
on screens and removed by means of rakes of some kind. These 
arrangements are often offensive, especially when the sewage is 
already old and septic. The fresher the sewage when it is screened, 
the smaller the trouble in dealing with the screenings. (Tills 
remark applies to all operations in handling sewage. It is worth 
a great deal to be able to deal with sewage before any part of it 
can become septic. In the Tropics the sewage should, if in any 
way possible, not be more than twelve hours old. In temperate 
climates the time limit is probably longer). The screens should stop 
only such matters as will interfere with the .working of the tank. 
Two simple bar screens, the first with one inch openings, and the 
second with half in«h openings, will usually do all that is required. 
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To extract the grit, detritus tanks or grit catchers are 
provided. These should not be confused with the lirst compartment 
of a Clemesha Pattern Si*ptic Tank, which is often called the Grit 
Chamber. It obtained the name because the battles which enclose 

-jt, 

it were first placed with a view to catching grit. 

Detritus tanks or grit, catchers are discussed most, frequently 
in terms of period of rest or in parts of tin* dry weather flow. 
Kershaw gives 1/100 to 1/200 of the D. W. P. A very few writers 
are beginning to discuss velocities through them. As their sole 
purpose is or should be to extract mineral grit, cross sectional 
velocity of the sewage is the most important consideration. The 
velocity of the flow must Is* reduced sufliciently low to bring down 
all the grit that is likely to interfere with the working of tin* tank, 
and the time taken to pass through the grit catcher must, be 
•sufficient for the grit to drop. It must not however he long enough 
for septic tank action to proceed far, (this cannot be avoided 
entirely, for indeed it. always lx'gins in the sewers» or for more 
than the inevitable small quantity of putrefactive sludge to settle. 

> It is most important that there should he no pockets or corners 
in which small quantities of sludge inav rest long enough to become 
septic. If that occurs, septic action is set. up rapidly iti the sewage, 
which disturbs llie action of the disposal works, ami sooner oi later 
causes aerial nuisance. 

A most interesting grit catcher is that evolved by 
P. W. Jameson at Pretoria. It. is nothing but a length of the 
sewer widened out. with a Hat bottom (» ft. wide w'itli nearly 2 eu. 
secs, of sewage flowing through it, \" deep which means a velocity 
of about 1 ft. per sec*, for a distance of 27 ft. 0 in. Presumably a 
velocity of 9" to 15" per second will be about right. It is sad that 
none of^us who have so often seen defective surface drains in India 
catching grit in this very way, should have thought, of it. There 
are now grit catchers of this pattern working well in India. 

A common form of grit, catcher is a hopper shaped chamber 
with the sewage entering at the centre and discharging over a 
circular peripheral weir. It is probably better to bring the sewage 
in on a tangent at the circumference and decant the liquid at the 
centre through a bell mouth and bent pipe. The spiral movement 
given by the tangential entry allows little chance of stagnation of 
the liquid and the consequent septic action. A screen can he fixed 
round the bell mouth, so that grit catcher ami screening chamber 
can be combined in one. Such a conical grit .catcher can reduce 
cross sectional velocity to less than 0.3' per sec. and yel leave the 
sewage with only 30 minutes rest in the hopper. Either form ^of 
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grit cutt-lier may 1m* coiiBidci't'd as only an enlargement of the sewer, 
and unlikely to set up any serious septic tank action. The conical 
grit catcher is cleaned by means of a sludge pipe similar to that in 
an Imhoff lank rising from the lowest point of the hopper. 

Grit catchers should always be provided in duplicate, so that 
they can be cleaned regularly without interfering with the routine 
of Ihe works. 

After the sewage has been freed from floating foreign matter 
by the sereeus, and from mineral grit by tbe grit, catchers, it 
undergoes treatment in some form of tank. 

In spite of the fact that about 1SG0 the “Mouras Automatic 
Scuvanger,” probably the iirst true septic tank, was inaugurated 
in France and proved steadily satisfactory up to a certain point, 
and at the same time experiments on upward filtration in place of 
chemical precipitation in Europe and America gave promising 
results, yet. sedimentation tanks usually with chemical precipita¬ 
tion were very largely adopted. 

Sedimentation tanks pure and simple appear to have no true 
merits whatever. They aim at bringing down as mueh solid matter 
as possible, so that by some mechanical means it may be thrown 
away where it. will cause no nuisance. No attempt is made to 
liquify or purify any part, or to conserve the nitrogen in the 
sewage. As far as published records indicate there are none in use 
in India, and it is to be hoped that there never will be. The only 
excuse for such a method is to lie found in very large towns such as 
London and Glasgow* where the sewage problem is so colossal, and 
the quantity of sludge so enormous, that until some system of 
making the sludge into a marketable commodity, or of reducing its 
bulk to such ail extent that the saving in cost of removal will pay 
for the reconstruction of the plant, a method which actual]^ wrorks 
must continue to be* employed. 

The Mouras Automatic Stavanger appears to have failed to 
gain popular favour because a lion-putrefactive effluent was not 
obtained from it. 

Seeing that it was really only a form of septic tank, we know 
now in the light of experience gained since then that it could not be 
expected to yield a non-putrefactive effluent; but that its effluent 
would have to undergo an oxidising process in some form of filter or 
contact bed before it could become non-putrefactive. 

A great, deal of w*ork >vas done during the next 30 years on 
filters of various designs. The difficulty* of keeping filters clear, 
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and from becoming choked with solids led to experiments with 
various designs of settling tanks. In 185)5 Cameron inaugurated 
his septic tank at Exeter. Following on that came a wonderful 
variety of tanks, septic tanks, settling tanks, hydrolytic tanks and 
others, all designed to prepare screened and grit free sewage for 
final filtration of the effluent and disposal of the sludge. As they 
are all engaged on the same task with approximately equal results, 
there must be some general principles governing their action, 
which should regulate their design. 

In searching for these general principles it is necessary to 
recognise that the action of any tank for sewage disposal is and 
must be partly mechanical and partly biological. Some people 
attend chiefly to the mechanical action of sedimentation and others 
to the biological actions which produce chemical changes. But no 
sedimentation tank can avoid all biological action, and every 
biological tank is sure to promote some sedimentation. 

s 

After the sewage has been freed from floating refuse by 
screens and from most of the mineral grit by the grit catchers, it. 
may he considered to consist, broadly of (1) floating solids, 
(2) settling solids, (3) liquid mow* or less free from solids. The 
removal of the solids and the delivery of the liquid as free from 
solids as possible is the essential function of every tank. 

If the action were purely mechanical some form of decanting 
apparatus which would draw off the liquid most, free from solids 
would be all that is required. But chemical and biological changes 
in the floating and settling solids make [tart of the former settle 
and part of the latter float and by the formation of gases are liable 
to keep much solid matter in movement throughout the tank, so 
that at no point is the liquid very free from solids. 

A*perfectly plain rectangular or cylindrical tank souk; 7' deep 
in which outlet and inlet were situated some 3 ft. from the surface 
t would retain much of the solids, though not enough to make filial 
treatment of the effluent easy. 

Cameron’s Exeter tank was not very much more than this, 
except that it began with a “grit chamber” 10 ft. deep by 7 ft. 
long by 18 ft. wide through which the sewage passed over a wall 
submerged 1 ft., into the main tank 18 ft. wide 7 ft. 6 in. deep and 
56 ft. 10 in. long. 

Clemesha in “Sewage Disposal in ‘the Tropics” descrilieH liis 
experiments on septic tanks. His tank is very like Cameron’s, 
and contains a “grit "chamber” bounded by a "submerged wall. To 
catch undigested faeces, jute and other floating substances, he 
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introduced a hanging partition, previous to the submerged wall, 
reaching down from the surface to within 18" from the floor. His 
experiments, confirmed by subsequent practice, show that a very 
great change takes place in this compartment of the tank : that 
the hanging partition is of far greater importance than the sub¬ 
merged wall : and that its content should he about one-eighth of 
I he content of the whole tank. In this chamber the floating solids 
are necessarily retained until they are ho changed as to sink. 
Koine part of them sinks finally and remains at the bottom; for 
sludge has to he removed from this chamber from time to time. 
No dmibf I here is a good deal of movement in the sludge owing to 
the development of gases. The forward movement of the sewage 
carries on some of the solids, principally those particles that have 
a tendency to come down slowly or scarcely to settle at all. If the 
size of the whole tank is correct for the work it has to do, and the 
first, compart incut hounded by the hanging bailie is one-eighth (f 
the whole, the aeeiiiiiiilation of Moating solids will be found to 
increase until it is some 2 ft. thick, and then remain about 
constant, the chemical and biological changes removing as much 
solid as is brought in. 


The bdal size of the tank is of supreme importance. 

As far as information is available, the only published account 
of experiments definitely directed to determining the best size of 
septic tank is that given by Olemeslia in “Sewage Disposal in the 
Tropics. ’’ 


of 7 

on i 


The conclusion arrived at in those ex|K*riments is that a period 
- hours (or days) rest in the septic tank gives the best results 
i 5 gallon sewage. 


It is to he noted that Clemesha discusses the size of the septic 
tank in terms of period of rest. Hut. he makes the all important 
qiialitieatiou that this period of rest is for a 5-gallon sewage (that, 
is a sewage diluted with 5 gallons of water per user per day). In 
other words the tank capacity is 15 gallons or 2.-1 e.u. ft. per user. 

In I MIT, when asked to advise cm the size of Miters for the Patna 
General Hospital Sewerage System, he said that for each user there* 
was a certain quantity of putrefactive matter to be oxidised and 
nitrified and that fhis required a certain quantity of filtering 
material irrespective of the dilution. 

This argument used by Clemesha, Unit the necessary size of 
filters depended on the number of users appeared to be logically 
applicable to the septic tank also. Though unfortunately there 
has been no opportunity to study the quest ion-by precise laboratory 
experiments, the practical working of a number of installations 
designed and operated on those lines has proved this to be true. 
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A most practical example of the correctness of this reasoning is to 
be found in a septic tank of four compartments serving some 8,000 
persons. This tank was giving bad effluents and causing much 
nuisance and was believed to be overloaded. Proposals were 
actually made for enlarging it. 

The characteristic signs of over-septicisatiou were however 
recognised and as its capacity was about 4 cu. ft. per user, a 
recommendation was made to reduce its capacity by half. Two 
compartments were thrown out of use, and the tank subsequently 
worked very fairly well for several years. 


Tin' practice of discussing the size of tanks in terms of tlie 
period of rest is nothing but a bad habit which should be given up. 
It clearly arose in the early days of Cameron's Septic tank at. 
Exeter before it bad become the practice to distinguish clearly 
between sewages of different strength. The period originally 
Adopted namely 24 hours was necessarily purely arbitrary. For 
many sewages it was too long, and the septic tank fell into discredit 
in consequence. About 1011 a paper in the supplement, to the 
Journal of the Royal Sanitary Institute said that septic tanks were 
entirely discredited and useless. At the same time Lane I frown 
and Hewlett in Lucknow were stating that siqitic tanks with a 
maximum period of rest of 8 hours were satisfactory. 


G. 15. Kershaw in “Hewage Purification and Disposal” writes 
as follows:—"The capacity of septic, tanks will vary somewhat, 
according to the nature of the sewage to he tanked. It was formerly 
the custom to make the tank capacity equal to a 21 hours Jlow of 
sewage: and in India it. appears that a three days’ flow lias on 
occasion been found advantageous.” 

“ In this country (England), from 12 hours to 21 hours is a 
very usual capacity hut much depends upon the distance the 
sewage has travelled before entering the tanks. 




The fact that from .12 hours to 21 hours rest lias been found 
* suitable in England is due. to the fact that the average English 
sewage is approximately of the same average dilution, and therefore 
requires the same average tank capacity. A latitude of 100 per rent 
however in the size laid down indicates a lack of precise thought on 
the subject. 


Metcalf and Eddy in their three volume work on " American 
Si*wage Practice ” are scarcely more explicit. They give detailed 
analyses both particular and average of various sewages, and it is 
true that they state the dilution of each sewage. I5nt they say of 
the analyses that “their chief value is illustrative and as guides in 
making estimates of the probable quality of sewage from a com¬ 
munity of known size and character.” They give little in tb« way 
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of definite recommendations as to the size of the tanks. For sedi¬ 
mentation tanks they say the liest period may vary from 30 minutes 
to 4 or 0 hours : in septic tanks the detention period is “ in general 
from H to 24 hours : for lmhoff tanks (which they classify as distinct 
from septic tanks) “the practical detention period appears generally 
to he not over 4 hours.” Seeing that they are dealing principally 
with tin? much diluted American sewuges, this last conclusion 
agrees with the reasoning above. A 75-gallon sewage will have a 
4-hours detention period in a tank having a capacity of 2 c.ft. per 
user. 


The distance that tlw* sewage lias travelled before entering the 
(auks has a very important, hearing on the design of the tanks. 
Clciucslia’s tigure of 15 gallons or 2.4 c.ft. tank capacity per user 
is for a septic (auk latrine where the sewage enters the latrine 
absolutely fresh. When* the sewage. 1ms travelled through sewers 
rather lews capacity is preferable. Good results are usually obtained 
with 2 c.ft. per user with sewage not more than 12 hours old. 
Sewage such as that which reaches the Lovegrove pumping station 
af Bombay is already so old and septic when it arrives that it. would 
he difficult to design any septic tank which would treat it satis¬ 
factorily. 


It lias already been slated that the minimum dilution for 
biological treatment is 5 gallons per user. From 5 to 10 gallons 
dilution gives a- practicable sewage, which lioAvever requires 
constant, watching, for the presence of grit or other foreign matter, 
if any happens to pass the grit catchers and screens, may easily 
disturb file working of the tank. 


From 10 to 35 gallons dilution gives a sewage that is very 
easily treated in almost any form of septic tank. The experiments 
in Patna on five different patterns of tank all treating a sewage 
within these limits showed that for Indian conditions the very 
simple Clemesha pattern tank is at least as satisfactory as any 
other. 


When the dilution rises abpve 40 gallons per user, the rate of 
Mow through a Clemesha pattern tank designed for 2 ou. ft. capacity 
per user becomes so great that the solid matter is broken into small 
particles and carried through in suspension before sufficient time 
lins elapsed for tlie necessary changes to occur. When the sewage 
is so dilute, it is clearly necessary to use a different form of tank. 
Merely increasing the size of the tank over and above the correct 
figure for the number of users will produce over-septicisation with 
’all its attendant trbuldes. The solution is* very probably to be 
> found iu the use of separate tanks in series on the lines indicated 
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by F. W. Jameson in bis recent, paper on “ Evolution in Sewage 
Disposal—with special regard to Sontli African experience in 
sludge treatment, particularly at Pretoria.” 

An examination of wliat. occurs in a Clemesha tank supports 
this view'. For Indian sewage not more than 12 hours old between 
ft and 40 gallons dilution a CHeinesha tank designed as follows can 
be relied on to give good results. The total capacity up to top 
w'ater level must, be 2 cu. ft. per*uscr. The average depth to top 
water level must be 6 ft. (average depth is stated as it is convenient 
to slope the bottom 1 in 80 to the sludge out valve). Except iu 
very small tanks the length should be eight times the breadth. 
There should always be a hanging baffle one-eighth of the length of 
the tank from the inlet, extending to within IS ins. of the tloor. The 
inlet must be in a downward and a backward rather than forward 
direction delivering 2 ft. G in. below T. W. L. In a big tank it is con- 
reiiient to place a standing bailie 4 ft. high about 2 ft., beyond the 
hanging bailie. If this is done there should be two sludge out valves 
one on either side of this standing bailie, and the floor must slope 
dow’n to the sludge* valves l in 30 in the long tank and steeper in 
the small tank or so-called “ grit chamber.” In recent installations 
the standing bailie is raised to form a weir separating the two purls 
of the tank. Except in very small installations, for which a 
different design is necessary, the requisite tank capacity for the 
number of users should Is* made up in separate parallel units. The 
minimum practicable size of this type of tank is that to serve 05 to 
100 persons and is 2 ft. w'ide 10 ft. long and 0 ft. deep. Practical con¬ 
siderations remder a single tank necessary until about double this 
capacity is required. ISM) to 200 persons may be served by one tank 
2'—10* x 22'—6*x6' or better by two parallel tanks of the minimum 
size. The maximum practicable size of individual tank is that to 
serve about 1,000 persons being 72'x9'xG'. Larger tanks can be 
made and w'orked; but when greater capacity is required more 
efficient working will be obtained from a larger number of smaller 
parallel units. 

When the fresh sewage enters, the floating solids which are 
mostly faeces rise to the surface ahd are retained by the hanging 
baffle. As the changes in the solids occur a separation process 
takes place, a small amount settling as heavy sludge, and the bulk 
sinking enough to pass under the hanging baffle into the second 
compartment. There further changes occur and a further separa¬ 
tion takes place, part of the solids forming a scum which has an 
earthy appearance and may become thick and solid enough to 
support a growth of grass and even tomatoes-, and part sinking to 
form a sludge. In a properly designed and operated tank a good 
deal of sludge digestion certainly goes on, for the quantity of sludge 



Till: INSTITUTION OF ENGINEERS (INDTA). 


that, collects permanently and requires removal from time to time 
is remarkably small. The sludge digestion must give rise to the 
formation of gaso*; hut these are not. sufficient to break the scum, 
and presumably they grsuliially percolate through its spongy mass 
and escape in that way. 

The outlet, from this tank is usually over a weir protected at a 
distance of about t» to 12 inches by a scum board which must dip 
2 ft. (i in. below T. W. L. The space between the scum board and 
the weir should be kept free by manual labour from the small pieces 
of scum which will float up t here. 

In a tank of this kind an experienced eye can judge approxi¬ 
mately how well the tank is working by the state of the scum and 
the clearness of the diluent, A good healthy scum is found with 
an diluent, comparatively clear and free from solids. Over-septiei- 
Hution will dissolve away a scum with extraordinary rapidity, and 
is indicated by absence of scum, effervescence, in the tank, usually 
an offensive siiieil, and grey or black filamentous pieces of sludge 
in the diluent. Excess of dilution water over and above the 
maximum limit, per user for the. lank will be indicated by absence 
of scum except, occasionally in any still corners of the tank, ami 
much suspended solid in the diluent consisting of wholly or partly 
undigested faeces broken small. Lack of dilution water without 
over-Neptieisation will Is* indicated by a floating muss of almost 
unchanged faeces and a foul highly coloured diluent. 

The two-storied septic tanks such as the Imhoff, or the Travis, 
have this in common with the Ulcnieslm that they retain the floating 
fcolids, the liquid being drawn off from a level below tha.t reached 
by the floating solids. They differ principally in the fact that the 
battles are partly longitudinal and partly horizontal instead of 
entirely transverse. The batik's are so arranged that as heavy 
sludge settles it. drops through slots past which it eanuot rise again 
to interfere with the olitrifled liquor. 

Such precise proportions as those laid down for a Oleinesha 
tank do not appear to be available for two-storeyed tanks. The 
indications are however in favour of making the upper chamber 
about one-third to one-quarter of the total instead of the one-eighth 
laid down for the first chamber of tlie Clemeslia. The reason that 
it can and should be made larger is that the more complete isolation 
of the sludge helps to clarify the liquor more readily, and the time 
necessary for the breaking clown of the original faeces of the first 
chamber, and for the changes to scum, liqupr and sludge of the 
second chamber, has to be provided for the liquor which flow's 
straight through the single upper storey. 
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In Jameson’s system at Pretoria, the first tank which he calls 
a Watson tank has a capacity of 1 c. ft. per user. The liquor from 
this is taken direct to filters. The sludge is also drawn off daily to 
sludge digestion tanks in which the usual process of separation of 
floating solids, liquor and settling solids goes on. This complete 
removal of the successive separation processes into distinct separate 
tanks is almost certainly an improvement mechanically, and is 
probably an improvement lmcteriologieally. 

It is probable that the subdivision of the separation protases 
in this way is the solution of the problem of clarifying sewaiges more 
dilute than 40 gallons; but- at present no definite data appear to be 
available as to the best, proportions of the various parts. Certain 
points alone are evident : the sewage must be brought sufficiently 
near to rest for floating solids to rise and settling solids to settle 
.and remain comparatively quiescent: sufficient time must be 
allowed for the chemical and biological changes to take place: and 
sludge and liquor must lie drawn off separately before over-septici- 
sation (which is really a- form of putrefaction) has time to take 
place. 

• The total tank capacity required per user is probably about, the 
same. In order to reduce velocity through the tank, the cross 
section must lie increased, and that means that the length must lie 
diminished. As in a straight tank a. certain distance of trawl is 
necessary to permit the fall of the solids, the indications arc in 
favour of the circular hopper shaped tanks in which the flow is 
spiral. 

The discussion of hio-aeratiou tanks using activated sludge is 
held until .after that of filters as they co*chine the work of both 
tank and filter. 

Tank treatment, except, by a bio-aeration process, is not. the 
essential part of sewage disposal. Tank effluent is still putrefactive 
and not fit. to be let loose in a stream", or on land indiscriminately. 
•As stated at the beginning of the paper sewage disposal is the 
oxidisation and nitrification of the putrefactive constitlimits of the 
sewage. Tank treatment prepares the sewage for this'oxidisation 
and nitrification either on land, or in a relatively very large volume 
of water, or on filters. Doubtless the Mauras Automatic, Scavenger 
would have found favour if it had been realised that its effluent 
needed further treatment in a filter, which is the only really 
essentia] part of the whole biological process. 

It always is desirable to have the liquid to lie oxidised on the 
filter as free from solids as possible, and in some installations there 
is introduced an upward flow tank filled with coarse filtering 
material sometimes called a Macerating tank between the septic 

s io* 
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tank and flic filter. Some research ou them was done in Pooua. 
These were found very useful at Patna, though those installed there 
were too small. Monk in Calcutta patented an almost identical 
arrangement which he calls an anaerobic filter. His filters have 
not been studied with much scientific precision and the best size of 
niuccraf ing tank remains to be decided. Information available 
suggests approximately the same size as the septic tank served. A 
convenient form of macerator is a tank tilled with l w to \ ballast 
resting on a false perforated bottom, made so that, the flow of septic 
tank effluent is from tin; bottom upwards, and the tank can )>e 
wasiied out. from the (op downwards. It is a cumbrous arrange¬ 
ment. and if a separation of the septic tank into a sedimentation 
and scum catching lank first, followed by the filters on the one 
baud and a sludge digestion tank on (lie other will deliver liquid 
almost free from solids at. the filters, it. is probably ail improvement. 

On the subject of filters there is much literature anti very 
little unanimity. As in the tanks that precede the filters the 
action in the filter is partly biological and partly mechanical. The 
biological action is the essential work of the filter. The mechanical 
action is the straining out of such solids as come over in the tank 
ctlluciif. If an eflliient could he delivered from the tanks to the 
filters entirely free from suspended solids it would be much easier 
to design a- tiller which would give an entirely satisfactory filial 
diluent. 


The designs of filters are various. They all aim at providing 
as suitable as possible a habitat for the bacteria which bring about 
the necessary biological changes. Experience has shown that this 
is best provided in the form of rough surfaced material broken in 
tlie form of ballast so as to present as large a surface ami as 
possible, for it is in the rough surface of the material that the 
bacteria thrive best. 


The bacteria require an ample supply of oxygen. In the 
method of supplying this, filters fall into two main subdivisions, 
contact beds and trickling filters. Contact beds are water tight 
tanks filled with the tittering material, which being in the form of 
broken brick or stone ballast or coke breeze provides interstices 
w hich can be tilled wdfb tank etlluent. The method of operation is 
to fill the tauk with tank effluent: leave it standing full for a given 
period, say 2 hours : empty it out as completely as possible thereby 
drawing down fresh supplies of air into the interstices of the 
filtering material: leave it empty so as to become thoroughly 
aerated for a. certain period, usually two to three times the period 
of contact: and then repeat the process. .Trickling filters are 
usually made of an impervious floor draining to an outlet on which 
is heaped a pile of ballast or breeze. The tank effluent is spread or 
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scattered by some mechanical distributor over the surface of the 
filter. As it sinks down through the filter it carries down with it 
fresh supplies of air to the bacteria resident in the filter. The 
size of filter used in various places varies from about It e.ft. per 
user to 12 e.ft. per user. There is usually very little reason given 
for the particular size chosen, and it is very rare to find the size 
expressed in terms of the number of users. It is must common to 
find the size of filters expressed in terms of gallons of liquid 
treated per unit of surface area. Olemeshn as noted above states 
that they should la* calculated in cubic feel per user. Fowler in 
“ Septic Tanks in Bengal ” discusses the number of gallons to the 
cubic yard, but. also mentions the quantity of filtering medium per 
person. Kershaw discusses the quantity of sewage that can Ik* 
treated per r. yd. of filtering medium and notes that greater 
quantities of American sewages can be treated per cubic yard. He 
observes that, this may be due to the sewage being more dilute. 
Metcalf and Eddy give no indication how they calculate the size of 
filters. 


<\ Whittaker’s experiments in 1807 at Arrington and many 
others subsequently showed that for the same volume per sq. yd. 
of surface a- deeper filter gave a letter effluent than a shallow one. 
The Hortield experiments showed that with the same volume of 
sewage per eubic foot of filtering medium tliere was very little 
difference between a deep and a shallow filter. 


Turner and Goldsmith in “ Sanitation in India ” say “ The 
amount of sewage which can be purified per cubic yard of per¬ 
colating filter varies within practical limits, nearly inversely as the 
strength pf liquor treated.” 


These all support. Clciiicshu’s argument, that, the cubic content 
of the filtering medium must depend on the amount, of putrefaetive 
matter to be oxidized, or in other words on the number of users. 

Much depends on what is to he done with the eilluent. If it 
can finally be absorbed on land or let go in a considerable body of 
water 3 e.ft. per user is enough for a reasonably clear tank 
effluent. When more complete purification is required the size of 
the filters must he increased. 


There has recently been much discussion regarding the best 
depth for filters. Practical experience indicates from 5 ft. to 7 ft. 
as tlie easiest to work. Less dejith than 5 ft. may not be sufficient 
to spread the liquid out in a fine enough film over the surface of 
the particles of the filtering medium with the result, that oxidation 
and nitrification are not carried far enough. Greater depth 
involves a loss of head that can rarely be spared. Deep filters eost 
rather less than shallow ones to construct as the masonry floors on 
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which they rest are smaller in area; but they are rather more 
expensive to maintain. If more purification is required than can 
Im* produced by a c.ft. per user, a rather better effluent will be 
obtained in practice by making the sewage flow through a series of 
filters each giving 3 c.ft. per user than by spreading the sewage 
over a series of beds in parallel. This involves double or more loss 
of head which is not always available. 

The grading of the filtering material must depend ou the 
quality of the tank effluent and the nature of the material available. 
The best, possible effluent, is given by a sand filter very similar to 
that used for water works, llut such a filter cannot be used in 
practice because the sand layer will choke much too rapidly. 

For an average tank effluent the size of the top layer of 
liltei-'iig material should be about half-inch cubes, that is, roughly, 
material which will be rejected on a screen of 2 meshes to the 
linear inch and will pass a screen of 1 in. mesh. There is not much 
to be gained by grading the material in different sixes except that 
tin* bottom (i ins. layer should be rather larger in order to provide a 
free passage for the final effluent to flow away over the floor. If the 
tank effluent is very well clarified, the top 12 ins. of the filter may 
be made of smaller grade ballast, lying, for instance, between \ in. 
ami « in. mesh. If double filtration is employed, the second filter 
will give more satisfactory results if it has a rather tine layer of 
this kind. The layer underlying the tine layer must be composed 
of pieces not larger than 1 times the size of the pieces in the tine 
layer It is better however to use rather smaller pieces than that. 

<5ratling in a water works filter aims at giving as large a 
passage for the water in the lower layers as is consistent with 
keeping the sand in its place. The relation of one grade to another 
can be demonstrated mathematically without any difficulty. 
Roughly it may lie taken that the diameters of the pieces in each 
successive layer should bear the relation of 1 to 4. In sewage filters 
three objects s have to be considered (1) keeping the material in its 
place, (2) providing ample passage for the effluent and (3) 
providing the maximum possible habitat for the nitrifying bacteria. 
To satisfy conditions (1) and t21 the relation of 1 to 4 is satisfactory. 
To satisfy (31 it is lietteY to make the relatoin 1: 2 or thereabouts. 

In the course of this paper frequent reference has been made to 
the peculiarity of the bio-aeration process. Its most important pecu¬ 
liarity is its property of combining some of the separate processes 
previously described in a- smaller number of processes. There are 
many forms of bio-aeration plant already in existence and more are 
appearing at intervals. The essential purpose of them all, as with 
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all other disposal systems, is the separation of solids and liquids 
and the conversion of both from unstable to stable chemical 
compounds. 

The underlying principle on which all the systems of bio-aera¬ 
tion are based is that if sludge settled out of sewage that has been 
ugitated in contact with air for a sufficiently long period is mixed 
and agitated again in contact w'ith air w'itb fresh sewage, the solids 
in the fresh sewage will rapidly change into a iiocculent precipitate, 
and at the same time the liquid will be oxidised and nitrified to 
stable non-put ref active compounds. 

As in the other processes, the sewage must first be freed from 
mineral grit and floating refuse other than faeces. This cun be 
done in any ordinary form of detritus tank or grit catcher. In 
, some installations, the detritus tank is agitated with air in the 
game way as the sewage in the aeration tanks, if a little activated 
sludge were admitted at the same time, the silt would undoubtedly 
come down very quickly; but a good deal of organic matter might 
come down with it too, the proper place iu which to come down is 
iu the settling tanks. The particular form of detritus tank or grit 
catcher must be determined for each particular installation. The 
grit-free sew'age is then admitted to the aeration tanks. 

There are already many forms of aeration tank. Ju all of them 
the sewage is given a forward and also a rotary movement. Three 
typical forms are us follow's:—(1) Activated Sludge, Ltd.—The 
sewage is admitted into the end ol‘ a channel about (> ft. deep and 
3 ft. wide wiiicii is folded backward and forw r urd on itself so as to 
make a compact structure. All along the middle or one side, of the 
chanuel at the bottom are diffusers through which air is blown. The 
air imparts to the sewage an upward and rotary movement across 
the channel. The channel is divided by bailies into short chambers, 
the passages from one chamber to ‘the next being through a com¬ 
paratively small hole at the bottom, just over the diffusers. The 
baffles prevent the possibility of direct short circuiting from one 
end of the channel to the other. At the end of the channel the 
sew'age passes into a settling Link with a hopper-shaped bottom. 
The clear liquid is here decanted off through bell mouths. From 
the bottom an air lift leads to a short length of channel known as 
the sludge re-aeration tank. The air lift brings the sludge from the 
hopper to this tank from which it overflows into the aeration tank 
at the same point at which the crude sewage enters. The incoming 
sew'age imparts a fomvard movement to the sewage in the tank iu 
proportion to its volume, and a further forward movement is given 
by the re-aerated sludge, returned by the air lift. The quantity of 
effluent drawn off by the bell mouths is equal to the quantity of 
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crude sewage that enters. Recent systems are working with 
aeration tanks 12 ft. deep. 

(2) Haworth’s paddle wheel system is somewhat similar except 
Ihat. instead of agitation and aeration by compressed ail* the sewage 
is forced along the channels which are about 3 ft., deep at a velocity 
of 1A to 2 ft. per second. The oxidisation of the sewage depends 
for its air on surface aeration, similar to that whieli takes place in 
a river, in this system the aerating channel is continuous and the 
settling hoppers are placed to one side, so that all the forward 
movement of the sewage is not necessarily down through the 
hoppers uud up again. The lift from the hoppers is by a pump 
which returns the sludge to mix with the incoming crude sewage. 


(3) Holton’s “ Simplex ’’ system is very different, though it 
also relies on surface aeration. The aeration tank is hopper- 
shaped. It has a funnel and pipe leading up in the centre, from 
which revolving flippers send the liquid in a. spiral over the top of 
the funnel which is ahouL three inches above the surface of the tank 
liquid. The liquid is thus circulated about once every 15 minutes. 
In one form of this tank, settlement is made to take place in tin* 
tank by the construction of a hanging baffle across the corners 
leaving triangular spaces up which the clear effluent rises and passes 
out over a weir. In this way the return sludge lift is abolished. 
Further experiments on this method should be very interesting, as 
in an installation of two or three tanks, there are many variations 
possible. They could be used in parallel or in series, or half and 
half, some of the sewage being thrown by the flippers into the same 
tank and some into the next. 


In all forms, the work performed here in one operation is that 
performed in other methods, by both septic or sedimentation tanks, 
and litters. If the bio-aeration plant is properly designed and 
operated, it completely separates a clear effluent from all suspended 
solids, and delivers it bright, clear and noil-putrefactive. It also 
delivers the sludge in an inoffensive condition. This sludge has often 
a very high mauurial value and is very easily mixed with the soil 
nnu absorbed by vegetation to which it sometimes gives an amazing 
growth. The problem of drying the sludge as a practical operation 
is not yet solved, though small quantities can lie dried without 
difficulty. 

In descriptions of bio-aeration plants, various information is 
given, such as the period of aeration, and in air-operated plants the 
amount of free air required per unit of sewage: but as with the 
other systems, the relatiou of the size of the tank to the number of 
users Is not mentioned. It is equally clear that there must be an 
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intimate relation, and as a matter of fact the relation is far more 
easily seen in an bio-aeration system than in the other systems. For 
the amount of sludge, that is solid matter, separated out is more 
easily measurable and provided extraneous matter is not admitted 
in undue quantity to the sewers, it is proportional to the number 
of users, for it is derived from them ami from very little else. 

The information available on the subject is very scanty. There 
are indications that the aerating tank capacity should be about 
2 cubic ft. per user. Within what limits of dilution this will work 
is not determined, as there is no information available and pub- 
lisla-d of a tank working on sewage stronger than 20 galloim per 
user, nor ol’ one working on sewage weaker than 40 gallons per user. 
The former limit is probably about a .10 gallon sewage. The latter 
limit may be very high. For provided the action has time to reach 
the point, at which the sludge will settle at all, it is only necessary 
to increase the size or the number of the settling hoppers until the 
period of quiescence is sufficient to separate the sludge and the 
liquid. Within these limits the strength of the sewage, that is the 
total liquid content, may vary enormously in tile same tank in the 
same day without, impairing its efficiency. It is for this reason that 
the bio aeration processes are so admirably adapted to dealing with 
storm water. If the aeration tank rapacity is rather liberal for the 
ordinary How, and the settling tank capacity designed for the storm 
How, a very large volume of liquid over and above the normal can 
be handled. 

However flexible the main tanks may he for dealing with 
reasonable variations in flow, some storinc will increase the flow to 
such an extent that additional provision mist be made in the shape 
of storm tanks. The size of these is almost invariably given in 
terms of multiples of the daily dry weather flow. The reasons for 
this are purely empirical. The principles underlying the* design 
and construction of storm tanks do*r»ot. appear to be considered or 
at any rate discussed. The line of reasoning usually followed is 
'hat if a certain multiple of the daily dry weather flow- usually 
If or 4 times—is ponded up to be dealt with at leisure, the excess 
over this figure in a heavy storm will l>j» so dilute that it can be 
neglected. This is usually true but not always, for sometimes a 
violent increase in the intensity of a storm may bring down all 
sorts of accumulated dirt not moved by the gentler flow, which was 
however sufficient to bring the storm tanks info action. 

When a storm occurs, Hie flow of sewage in the sewers 
increases and frequently becomes very foul. - This increased foul 
ness is due partly to organic matter in solution, but chiefly to 
organic matter in suspension. As with average sewage, there*are 



80 


THE INSTITUTION OF ENGINEERS < INDIA). 


three classes of matter to l>e considered : that which will float: 
that which will settle: and that which is in solution or so finely 
divided that it does not easily separate out either by flotation or 
settlement. 

The floating matter is offensive to the eye; but otherwise it is 
probably not of serious importance as it is rapidly carried away. 
It is easily caught. The heavy matter which will settle is of serious 
importance for if left to itself, it may settle iu situations in which 
it may give rise to serious nuisance and danger as it decomposes. 
It can be caught for treatment by suitable tauks. ,Thc finely 
divided matter which neither floats nor settles is the most difficult 
to deal with, but by the time the floating and settling matter have 
been extracted, it is unlikely that the quality or quantity will be 
such as to be troublesome, or dangerous when diluted with the 
rainfall run off from the country in general. The design of the 
storm tanks must, therefore be such as to secure that tile floating 
matter will be caught, and the settling matter brought down. When 
these two conditions are fulfilled, the determination of the quantity 
of liquid to be held must 1 h» uiade to suit local conditions. 

The floating matter can he caught with ease by means of two 
hanging baffles like scum boards in a septic tank. The first should 
t>e deep, somewhat, similar to the hanging baffle, separating the first 
compartment of the Olemeslia Pattern tank from the second. The 
second, ns found by experience, should extend 2'—0" to 2'—1»" 
below water level. To bring down the settling matter the necessary 
conditions are similar to those iu detritus tanks with this difference 
that the solids to be settled are much lighter: that is the cross 
sectional velocity must la* reduced to such a point that it is insuffi¬ 
cient to support in suspension the matter to be settled or to disturb 
*thc matter already settled and the length of time taken to pass 
through the tauks must, be sufficient, for the settling matter to come 
down, for in a continuous flow storm tank there is a forward move¬ 
ment all the time and the |s»th of the settling matter will be a falling 
curve. It is not easy to determine without experiment on each 
particular sewage what the cross seetioual velocity should la?. 
Probably about. 0.1 ft. per-sec. is the maximum, and 0.01 ft. per sec. 
is the minimum. Much will depend on w r hat is done with the 
effluent from the storm tanks. If it flows into a running stream, 
the velocity through the storm tanks must, be much less than the 
velocity of the stream, so that anything passing in suspension 
through the tanks will be kept in suspension by the velocity of the* 
stream and carried right away. The velocity through the tanks f 
should probably not exceed one-fiftieth of the velocity of the 
stream. 
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With a velocity of 0.1 ft. per see. the cross sectional area 
required is about 20 sq. ft. per million gallons per day. The solids 
capable of settling with reasonable rapidity in most sewages will 
come down within a distance of 100 ft. When the cross sectional 
velocity is 0.1 ft. per sec., the time taken for the sewage to flow 
through a tank 100 ft. long will be 17 minutes. If the cross 
sectional velocity is 0.01 ft. per see. the time taken will be nearly 
3 hours. Some experiments on this subject were made by 
George A. Johnson and published in his report, on Sewage Puri flea - 
tion, Columbus, 1005. With a velocity of 0.01 ft. per see. through 
a tank 8 ft. wide and 7 ft. deep, 35% of the suspended matter came 
down in the first, 40 ft. of the tank, 50% in 120 ft., 57% in 1 <50 ft. 
and only 60% in 200 ft. Where conditions are good and tin* outfall 
-favourable 80 ft., length will be ample. Tn some places even less 
will l»e sufficient. In only very few places will it be worth while to 
give more than 100 ft. Steuernagel's sedimentation experiments at. 
Cologne gave the following results : With cross sectional velocities 
of 0.01 ft. per sec. the removal of suspended matter was 72% : of 
0.06 ft. per sec. 60% : and of 0.1 ft. per sec. 50%• It appears there¬ 
fore that there is rarely any necessity to reduce the velocity below 
0.1 ft. per sec. The first 50% can be brought flown easily, and the 
other 50% is not usually worth troubling about unless there is 
reason to believe that the storm run-off will pick up poisonous 
matter in solution or in very line suspension and then the whole 
problem may need tackling from the other end, for such poisonous 
liquids should probably never find their way into the sewers. 
Chemical agents would bring down much of the second 50% if that 
is really desirable; but (lie additional complication to flic works is 
rarely worth while. As lias been seen already, the problem is 
simplified in bio-aeration plants. 

Consider these remarks side by side with the recomniendation^* 1 
of the Rewage Disposal Commissi cm (Fifth Report):--“We find 
that the injury done to rivers by the discharge into them of large 
volumes of storm sewage chiefly arises from the excessive amount of 
suspended solids which such sewage contains, anil that these solids 
can he very rapidly removed by settlement, wi* therefore recommend 
as a general rule: 

“(1) That special stand-by tanks (two or more) should he 
provided at the works and kept empty for the purpose of. receiving 
the excess of storm water w hich cannot properly be passed through 
the ordinary tanks. As regards the amount which may properly he 
passed through the ordinary tanks, our experience shows that in 
storm times the rate of flow through these tanks may usually lie 
increased up to about thsee times the normal dry weather rate of 
flow without serious disadvantage.” 


a li 
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Th<* recommendation to keep the .storm tanks empty is clearly 
ilue to the old idea that storm tanks are to pond up the worst of the 
How until such time as it can tie treated at leisure. The tanks will 
begin to perform their duty of settling out solids which the Com¬ 
missioners recognise as the most important, immediately the tirst 
storm flow enters, if they are already full. Moreover if they are 
full of clean water, as they should be, they will help to purify the 
storm How by dilution, if they are empty, the settling action is 

not onlv delayed until they are full, but for some little time later, 

• ■ ■ 

as the incoming liquid keeps everything churned up until the tanks 
are full enough to form a cushion. 

The extra quantity that <‘011 be allowed through ordinary septic 
tanks inis already been shown to lie eight times tin* dry weather 
How for a live gallon sewage, and nil for a 10 gallon sewage. 

“(2) That any o\erflow should only be made from these special- 
tanks and that this overflow should lx* arranged so that it will not 
come into operation until ihe tanks art* full.’’ 

This agrees entirely with everything suggested above, ami is 
the inevitable logical conclusion. 

“Cti That no special storm tillers should hi* provided, hut that 

tilt* ordinary tillers should be enlarged to tin* extent necessary to 

provide for tin* filtration of the whole of tin* sewage, which, 

according to tin* circumstances of the particular place, requires 

treatment bv filters ’’ : 

* 

This again agrees with the arguments in this paper that in any 
sewerage system there will la* a certain quantity of putrefactive 
matter to he oxidised and nitrified and a certain quantity of 
filtering media will he necessary for this purpose. 

** In most eases it will probably suffice to provide stand hy 
tanks capable of holding one quarter of the daily dry weather flow, 
and it will not be necessary to provide for filtering more than three 
turn's the normal dry weather flow.” 

No reasons are given for fixing the figure at one quarter of the 
dry weather flow. The form in issi oners have been arguing that Local 
Government Board requirements of special storm filters for treating 
storm flow up to six times normal flow are too rigid. They have 
cut down the stand by equipment recommended, and appear not to 
have had the courage to go all the way. 

Taking an illustration from actual*figures we find that a storm 
tank for a flow of 1,000.000 gallons per clay to give a cross sectional 
velocity of 0.01 ft. per sec. will require a cross section of 200 sq. ft. 
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To bring down some 60 per rent of the (suspended solids the length 
will be 100 ft. The capacity therefore will he 125,000 gallons or 
one-eighth of the day's flow. If we are content with 50 per real 
removal of the solids, a tank one-tenth the cross section, ami only 
holding one-eightieth of the day’s flow will suftlce. 


Precisely what should be done with the liquid diluent from 
storm tanks is not clear. If it can be turned loose in a relatively 
large body of water, no harm is likely to be done. Put to return 
to first, principles :,the area served by the sewerage system contains 
a certain population who produce it certain quantity of waste put re 
furtive mutter which lias to Is* purified ami rendered innocuous. 
The most important part of that waste matter consists of sewage 
propel*, namely animal excreta, and of that the most important 
part is the human excreta. The remainder consists of excreta of 
pthrr animals principally cattle and horses: of the liquid parts of 
kitchen refuse: and of hath water ami street and other washings. 
In a disposal system designed to deal with the excreta of tin 
population served, storm water entering the sewers will dilute the 
sewage and, provided the dilution is not ill excess of the limits 
laid down, will not interfere with the action. Put the storm water 
will inevitably bring in other matter which docs not usually enter 
the sewers. This will enter as suspended solids, which will be 
extracted in the storm tanks. Put. in the sewers and in the »auks 
themselves, some part of the suspended matter such as rotting 
vegetation or the like will pass into solution, producing frequently 
a peculiarly offensive liquid. To pass such liquid through a 
special tiller attached to the storm tanks, and only used when the 
storm tanks are in operation, will do tio good, for there will not Is* 
enough live organisms in the bed to produce any appreciable effect. 
It. follows that, if the storm tank diluent must he filtered at all, 
•(and in many places it certainly need not) the only place on which 
it can be done is in the ordinary fibers. These therefore must be 
made of such a size as to give a rather better effluent than would 
otherwise be necessary in ordinary times, so that the effluent at 
storm times may be up to the standard required in the particular 
place. This standard need certainly not In* so high as that required 
in ordinary times, for when a storm is heavy enough to tiring the 
tanks into action, it will certainly provide, a great deal of dilution 
water in the out fall stream. If the filtration is sufficient to start 
the nitrifying action at such times, that is almost certainly all 
that is required. 


The detailed design of the storm tanks must be made to suit 
the particular place. Almost any shape which gives the correct 
cross sectional velocity and correct distance of travel at that 
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velocity will answer equally well. When the size becomes consider¬ 
able, a number of tanks in parallel so arranged that they come into 
operation successively as the how increases will be found easier to 
keep in good working order than one large tank. 

In conclusion to recapitulate the principles already discussed :— 
Speaking generally the purification of sewage consists iu separating 
out the suspended solids, liquefying as mneh of them as is possible 
and oxidising and nitrifying the efliucnt liquid. The separation 
of the solids is usually dealt with in successive processes, the 
(diluent from each process being oxidised and nitrilied, separately. 
First the mineral grit is extracted by reducing velocity to such a 
point that it will settle, but as little else as possible will settle. 
This velocity should he from .75 to 1.25 ft. per sec. and the length 
of travel at that velocity from 30 to 50 ft. Secondly, the boating 
solids are held in a tank or in a chamber of a tank until they 
break down* and velocity is again reduced so that more suspended 
matter settles, and in many tanks time is given for the settled 
solids also to change. In u i'leniesha tank dealing with any 
sewage from 5 to 40 gallons this chamber will have a capacity of 
about .] cu. ft. per user. Nearly all the systems are approximately 
similar to that point. Then divergence takes place, lu a Clemeslia 
funk the (diluent of the first chamber, and a considerable quantity 
of the settled solids lind their way together into the next compart¬ 
ment which has a capacity on a similar sewage of about If cu. ft. 
per user and in which the bulk of the remainder of the suspended 
solids is held either as a scum or as a sludge. The Clemeslia tank 
cilluettf is much more easily filtered if it passes through a macerat¬ 
ing tank to extract the remaining solids. The best size is not yet 
determined. Evidence points to gross tank capacity of 2 cu. ft. 
per user : the tank being filled witti ballast of about two inch cubes. 
In the Jameson system at Pretoria, his Watson tank has a capacity 
of 1 cu. ft. per user. This clearly will take the bacterial action 
rather further than the first, compartment of the Clemeslia- tuuk. 
The effluent, from this tank goes straight to the lilters and the 
sludge, which is removed regularly twice a day and while still quite 
fresh, is taken to sludge, digestion tanks which are now being 
worked on a continuous how principle. The sludge digestion tanks 
arc again contrivances for the separation of solids and liquids and 
here the liquid is taken on to land, the best filter as long as it is 
not overloaded, and the sludge dried, and used as a fertiliser also 
In the land. The capacity of these tanks appears to be about 
1.5 cu. ft. per user. 

The various double storied tanks come midway between the 
Clemeslia pattern tank which separates solid and liquid in the first 
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compartment and remixes them in the next and the Jameson 
system which separates them definitely mid finally. 

This complete separation at each stage appears to he the logical 
sequence. The detritus tanks take out the road grit, and let the 
sewage proper go forward. The Watson tank separates off liquid 
tit to go straight on the tillers and sends sludge to digestion Links 
which again separates solids and liquids, and sends the liquid to a 
tilter, namely land and dries the sludge. When storm tanks come 
into action they again separate solids and liquids and semi the 
liquid for oxidisation by tilters or by dilution. 

From end to end sewage disposal resolves itself into the 
separation of solids from liquids in successive processes, and the 
oxidisation of the liquid effluent from each process as soon ns it is 
sufficiently clarified not to clog up the oxidising apparatus. A 
suitable arrangement of the successive processes will deliver liquid 
effluent to the filters in such a condition as to Ik* easily oxidised, 
and reduee the solid residuum to an inoffensive minimum. Each 
separation process is principally mechanical and each oxidisation 
Process principally bacteriological and chemical. 
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The Design of Sewage Disposal Works — contd. 
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The Design of Sewage Disposal Works—contd. 
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The Design of Sewage Disposal Works—contd. 
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The Design of Sewage Disposal Works—contd. 
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DISCUSSION Otf 
SEWAGE DISPOSAL WORK 


r. a. Mn. 0. Biianhijy Williams sai<l that Mr. Temple’s paper was 

nu«m». really a complete treatise ou sewage disposal in miniature. To 
liiiu the most valuable part of it was the appendix, in which Mr. 
Temple had collected a vast amount of information that would lie 
very useful to sewage disposal experts. The paper was not an 
easy one to comment on adequately, for to go through and deal 
with all the questions seriatim, would necessitate an address nearly 
as long as the paper itself, lie would therefore content liimseif 
with referring to a few points. As regards the alternative of 
basing the design of sewage works on the number of persons serv¬ 
ed, and not the number of gallons to be treated, this was undoubt¬ 
edly the proper system for India, where the sewage was almost 
always purely domestic sewage. It could not, however, be applied 
in more udvauced countries like England where the sewage prob¬ 
lem was complicated by the addition of enormous volumes of trade 
waste of a great variety of chemical composition, some of them 
creating great difficulties in the puritication works. It would for 
example be impossible to reduce the sewage of Sheffield, Bradford, 
Bolton, Brighton, Croydon and Aldershot to a common denomina¬ 
tion of numtier of persons served. In England therefore the ques¬ 
tion became one of so many gallons to be treated of a certain 
strength. The sewage disposal problem in India was in fact simple 
in comparison with that in England, for not only had we hardly 
uuy w trade waste to deal with, but. also the assistance of the climate, 
which caused biological action to take place much more rapidly 
than in lower temperatures. 

Me was afraid he did not altogether agree that, sludge from a 
septic tank was of little mauurial value. The sludge from the* 
septic tanks at Dacca had been easily dried and had been pronounc¬ 
ed by the agricultural department, to have considerable mamirial 
value. So far as his experiments had gone they did not show that 
. the effluent from bio-aeration works had any special advantage 
from a mamirial point of view. In fact the crops grown at Nag¬ 
pur, which had been irrigated by septic tank effluent had grown 
I«*tter than those irrigated from the effluent from either the Sim- 
<* plex or Activated Sludge plants. The chief advantage of the latter 



DISCUSSION ON SEWAGE DISPOSAL WORE. 121 


processes from an economic point of view was the sludge they pro- n r g 
duced wliicli undoubtedly did possess much greater manurlal Brintby" 
value than the ordinary septic sludge. 

He felt he must explain what happened at Gaya, for he was res¬ 
ponsible for the design of the septic tanks referred to. This was 
based on the statement of Golouel Ciemesha referred to in p. 68 of 
the paper that, the really important change took place in the preli¬ 
minary compartment of the septic tank and that the remainder of 
the tank could probably Is 11 much reduced in capacity. These tanks 
were therefore designed with a large first compartment, and a com¬ 
paratively small seeond one. However it was found that the esii- 
nmte of what a tank of this design could do in the way of clarifica¬ 
tion was too optimistic. 

• 

in regard to bio-aeration system, there was only one point 
that he wished to raise. In England opinion had now crystallised 
in favour of giving a preliminary treatment before passing the sew¬ 
age into a bio-aeration plant. It had been stated, although he 
was not in a position to verify the statement, that the amount of 
aeration required varied approximately as the square of the amount 
of organic suspended matter in the sewage, and it was therefore 
economy to reduce the latter us much as possible by preliminary 
settlement. The argument probably applied in Judin and where 
it was merely desired to produce a really good cillucnt as cheaply 
as possible it would probably be found cheaper to pass the sewage 
through a septic tank before treating it by bio-aeration. This sys¬ 
tem would-however greatly reduce the quantity of surplus sludge 
and consequently the income that could be obtained by selling it. 

This was a very important question, and he was not at present pre- 
pawl to express any opinion on the relative advantages of the two 
alternatives beyond saying that whichever was adopted should 
probably depend on local circumstances. 

He felt that he hail said quite enough and would therefore uot 
deal with any other statements in the paper lieyond saying that 
la considered it a valuable addition to the knowledge of this sub¬ 
ject in India. 

Mu. A. T. Wkstox said : Mr. Temple in his paper remarked Mr. a. t. 
upon the absence of trade wastes in the sewage discharged from We * toa ‘ 
the average town in India. Mr. Temple apparently derived consi¬ 
derable satisfaction from the absence of the particular difficulties 
which such trade wastes involved. He thought it should 1)6 
pointed out that Sanitary Engineers would not always be able to 

» ie 
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take ho light, hearted a view of the frituation and that the need for 
providing treatment for trade wafrtat was one of which a great 
deal more would l>e beard in the future as the industrial import¬ 
ance and development of India expanded. Even at this moment 
one of the municipalities in the outskirts of Calcutta was up 
against a very difficult problem in regard to the effluent and waste 
liquors from a number of tanneries employing both the vegetable 
and chrome hath processes. The tanneries constituted an import¬ 
ant asset to the Municipality. They employed laltonr and paid 
rates to. the community and they naturally expected in return that 
the public drainuge system should remove their waste products 
without any further trouble to themselves or to the local inliahit- 
auts. So far however no satisfactory solution had been found and 
one of the tanneries at least had to (dose down in consequence—a 
state of affairs which was neither satisfactory to the proprietors* 
or to the labour who had been thrown out of employment or to tfie 
Municipality. It was not to be expected that each industrial con¬ 
cern should lx* expert in the disposal of its waste products. The 
experts in this connection were the Hanitary Engineers in charge 
of the Drainage and Sewage disposal works provided by the com¬ 
munity as a whole. It was therefore up to the members of the 
Hanitary Engineering profession to take this question of the puri¬ 
fication of trade wastes and their disposal in an innocuous man¬ 
ner, seriously into consideration. It was a problem about which 
much more would la* heard in the near future. 

Mu. M. K. Atkins congratulated Mr. Temple oil his very dear 
and comprehensive treatment of a difficult subject, anil exprelwwNi 
his admiration of Mr. Temple's method of solving all engineering 
problems by reasoning from first principles instead of from the 
point where other engineers had left off. lie did not agree with 
M$. Temple that two storey sedimentation tanks were out of date. 
Mr. Temple had mentioned the two storey tanks at Colombo. There 
were several types iu use there, and the simplest and least expen¬ 
sive type, formed by subdividing a rectangular tank about 10ft. 
deep into one lower and two upper chambers by means of inclined 
slabs of reinforced concrete, had proved most effective. lie 
thought two storey sedimentation tanks and percolating filters 
were very suitable for use in India as they were far simpler to 
operate) than an activated sludge plant and did not require the 
same expert supervision, fie thought members of the Institution 
might be interested to bear of an experiment which he had carried 
out iu ColomtKi in connection with sludge drying. Sludge drying 
beds had been constructed consisting of a layer of drainage tiles 
carrying a- 9 in. layer of twarse broken stone topped by a 3 in. 
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layer of stone chips. The sludge was run out on. to these beds Mr. n. a; 
about 9 in. deep and it dried out very satisfactorily in about AiWnB ' 

10 days. The dried sludge was then S|md<Ml off, but trouble arose 
in that the stone chips had to be removed and washed after every 
operation, and there was a considerable wastage of the chips due 
to their adhering to the dried sludge. To remedy this a single 
thickness of ordinary coconut matting, as used for flooring, was 
laid on the top of the coarse stone instead of a layer of chips and 
weighted down with flat iron bars to prevent its floating. The 
matting proved to la* a perfect filter, passing clear water within 
8 minutes of the sludge being run on to it, and was very readily 
washed and replaced after the removal of the dried sludge. 

* 

The Autiiok said in reply that, though lie agreed that in pro* The knthot 
•sqnt conditions in a country like England it. would Iw^ very diffi¬ 
cult to design sewage works on the basis of number of persons 
served, such actual statistics as were available showed that the aver¬ 
age size of tanks was about 2cu. ft. per bead in England. The 
sludge from septic tanks varied a good deal, but available records 
gave an average of a nitrogen content of only about, iilf per cent, 
which was hardly worth carting. It was certainly true that the 
effluent from bio-aeration works had no special advantage from a 
manorial point of view. The effluent from the Nagpur septic tanks 
did not go through filters, and carried a considerable quantity of 
organic matter; that from the bio-aeration tanks was much 
more completely purified and carried much less organic matter. 

The sludge from bio-aeration tanks bad enormously greater nmnu- 
rial value. ■ 

Preliminary settlement nndoiibtedly made purification by a 
bio-aeration process easier, and therefore probably cheaper, in 
India as well as in England, but it. could Ik* carried too far, and 
leave so much sludge behind that there was scarcely enough left 
to do the work in the aeration tanks. 

• 

In reply to Mr. M. B. Atkin’s question why he had lost faitli 
in the two-storied tank, he explained that lie had not lost faith in 
the two-storied process but that he had become convinced that it 
worked better when the two parts of the process were entirely 
separated, and wheat new tanks could lx* constructed he thought 
separate tanks would be much cheaper than combined tvyo-storied 
tanks. 

With regard to Mr. A. T. Weston’s remark that Sanitary 
Experts should help in the disposal of trade wastes and thereby 
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e Author, keep down the cost of the trade products, this only meant that the 
cost of treating the trade waste had to be borne in a different form 
by the public at large and possibly at greater cost than if the trade 
waste was dealt with separately and its cost of disposal borne by 
the purchasers of the trade products. Sanitary Experts should 
undoubtedly help each trade to dispose of its own wastes at the 
minimum cost to the community at large. 

With regard to Mr. K. K. Chakravarty's account of his small 
disposal works and his question why no scum should hare formed 
on one only of them, it was probable that that one was too large 
for its work and was destroying its own scum by the products of 
over-sept ideation. 



THE 

DRAINAGE PROBLEM OF BOMBAY 

AND THE 

PROPOSED NEW MAIN DRAINAGE 
AND SEWERAGE SCHEMES 

BY 

V. E. EMMANUELOV , Member. 


The position of Bombay situated us it is on a small Island 
separated from the main land l»y tidal creeks, at the first glance at 
the map would appear to be one of the most favourable from the 
point of view of its sewage disposal and would relieve the city of 
those problems with which other large towns are usually confronted. 

A 4-loser acquaintance with the history of Horn bay sewerage 
however indicates that this is not so and that the question of how 
and where the sewage of Bombay could best be disposed of has for 
the last half century been a matter of miu-h controversy among 
Engineers, Doctors, different Committees and.(government Commis¬ 
sions. It has bc^n disciis804l 4>n several 4>ccasi4>ns ami so far 
Without any 4letinlte and practical decision being reached. 

The reasons for such continue4l controversy are many and some 
of these may be mentioned here. These* are: 

(1) Contradictory interests of Government, Municipality and 
other various public bodies, 

(2) Shortsighted policy with regard to the possibilities of 
further expansion and developments of the city and its 
suburbs and 

(3) Permanent reluctance to spend a sufficiently large amount 
of money to obtain the best solution of the problem with 
the consequent policy of paliatives, leading only to 
partial and inadequate measures. 

However the drainage of Bombay in spite of numerous alternat¬ 
ive schemes from time to time put forward for its solution has, as 
regards the position of the outfall and the methods of sewage dis¬ 
posal, remained practically the same as it was at the outset. 
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An in 1867 crude sewage was being discharged into the sea on the 
western foreshore of the Island at all states of the tide. The same 
is being done to-day though of course on a very much larger scale. 

HISTORY OF BOMBAY DRAINAGE 

The exact date, when systematic drainage of Bombay was 
commenced is not clear; ■ it is known only that certain 
open water courses were always maintained, doubtless more 
or less in a jierfunotory manner, by which rain water, ns well as 
sewage from inland found their way into the sea, doing so by two 
large gaps,—one at Worli where some kind of sluices had been con¬ 
structed and the other—at the place where now stands the Hornby 
Yellard. As a result of the construction about the year 1812 of this 
Vellard other sluices were constructed at Lovegrove and a new 
connection with the upper part of the old open drain was mad<v 
Between .1845 and 1857 part of this open drain, approximately 
lie tween Pydhoni and Beliasis Road, was covered in. . In addition 
to this there existed at that time about 1,268 yds. of covered drains 
discharging into the harbour and 2,634 yds. of similar drains dis¬ 
charging into Back Bay. 

It was not. until 1860, from which date Major Tulloch took up 
the history of the Bombay drainage, that, the first, general scheme 
for the drainage of Bombay City as a whole was proposed, Messrs. 
Wilcox and Tracey being the sponsors for the proposal. In the 
report, of Messrs. Wilcox & Tracey submitted to the Bench of 
Justices the authors4>f the scheme objected to the discharge of sew¬ 
age on the west coast of the Island as being windward aud also to 
the discharge into Back Bay. on account of it. being too shallow, but 
suggested discharge into the Harbour at Wari Bunder and at Carnac 
Builder; Cobt-ba, Fort and Malabar Hill, in tlieir opinion, should 
lie drained by independent systems. After approval of this scheme 
hy Mr. U. Rawlinson, a leading Sanitarian of those days, this scheme 
was sanctioned and work was commenced in 1864. Owing to the 
persistent complaints of the nuisance caused by the existing drains 
already discharging sewage into the Harbour, Government appoint* 
ed in 1866 a Commission to report on the scheme. 

Pending the decision of the main question of the Outfalls into 
the Harbour several minor drainage works were carried out among 
which was the construction of a low level sewer from Bellasis Road 
to Lovegrove with a small Pumping Station at that place. These 
were completed in 1867 thus laying Hie foundations for the drainage 
system as it is to-day. 

The Members of the Commission were fttvided in their opinion, 
Colaba having been suggested by Mr. Ormiston, the Port Trust's 
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Engineer as tbe brat point for sewage discharge; a new' scheme was 
in consequence prepared, this being done by Mr. Aitken, tbe then 
Municipal Engineer. 

The Government agreeing w’ith Mr. OrmiBton referred this pro* 
posal for its consideration to Mr. Rawlinson who gave it as his 
opinion that sewage discharged at Colaba would return and con* 
taminate the Harbour. This opinion was based on wrong data 
supplied ^>y Mr. Jaganatb Sadashiv as a result of his float observa¬ 
tions of the sea currents at Colaba which allowed erroneously that 
the currents during ebb tide set into the Harbour instead of flowiug 
into the open sea, as one would naturally expect and as actually is 
the case. This extraordinary mistake was discovered only in 1800 
by Mr. Baldwin Latham who describes it ns the principal cause of 
Bombay having its main outfall on the western foreshore with all 
*the nuisance arising therefrom. 

In 1808 another Government Commission was appointed with isoa 
the result that an outfall at Colaba opposite' the old light house was 
recommended with the provision that all sewage of the City should 
be collected into an impounding reservoir to he constructed at. that 
place and to lie pumped therefrom into the sea on the ebb tide only. 

This proposal was sanctioned by Government. Therefore if Major 
Tulloch lakes up the date of Messrs. Wilcox and Tracey’s report of 
1860 as a commencement of the Bombay drainage history then the 
report of the first Commission appointed in I860 by Government 
may be considered as a commencement of an everlasting controversy 
with regard to the question as to how and where sewage of Bombay 
should best be disposed of. Since that date, i.c., 1806 not less tlinu 
10* schemes tor the solution of the Bombay drainage problem have 
put forward and no less than 20 different Committees and Com 
missions have considered the practicability of these schemes from 
engineering and sanitary as well as financial points of views. How¬ 
ever not only the members of the several Committees lmt the various 
Committees and Commissions themselves differed in tlieir opinions 
on the various proposals thus resulting in numerous reports, end¬ 
less controversy and diverse decision! leading to no end. “ There 
were many schemes all ably advocated and there were the recoin* 
mendations of the Commissions to do nothing,” says Mr. II. A. 

Ac worth in his “History of the Bombay Drainage.” 

Of these schemes I shall refer only to the most characteristic 
from the point of view of the methods proposed for the disposal of 
sewage and diverse situations of the outfalls. 

• m 

Of these various schemes the one proposed by Major Tullocb in 
1868 and later modified by him In 1871 was the most complete, bring isrn-is n. 
also somewhat noteworthy as regards the proposed methods of 



128 


THE INSTITUTION OF ENGINEERS (INDIA). 


sewage disposal. The main feature of this proposal was the utiliza 
tion of the crude sewage for land irrigation at Trombay, the effluent 
it was proposed should be discharged into the Creek. Condemn¬ 
ing an outfall at Colaba on economical grounds. Major Tulioeh was 
equally opposed to an outfall at Lovegrove on tbe score of almost 
certain nuisance there and he preferred and actually proposed to 
take sewage as far as possible from tbe populated areas. Besides 
by that time the Government having changed their views declared 
that consent could not be given for the discharge of sewage oil the 
immediate foreshore of the New Military Cantonment at Colaba 
and that consequently a proposed outfall at this pluee was inad 
missihle. 

In 18(H) another Government Commission was appointed to con¬ 
sider Major Tnlloch’s proposals with the result that while agreeing 
to separate storm waters from sewage, as suggested by bin/ they 
entirely disagreed with his proposal to utilize sewage for land 
irrigation. 

In 187:1 Mr. l’edder, the then Municipal Commissioner modify¬ 
ing Major Tnlloch’s proposal particuhirly with regard to the appli 
cation of sewage to land, submitted a scheme in which lie recom¬ 
mended the removal of the Hum existing pumping station discharg¬ 
ing Hewago into the shallow bay near tile sluices of the main open 
channel at Lovegrove to a new site, ami diversion of the sewage 
outfall further North to the point selected by him on the western 
foreshore at Worli with a new outfall therefrom to the open sea. 
He gave as his tirm belief that this would be quite sufficient to 
eliminate all the nuisance that existed and about, which there wer*» 
so many complaints. 

Another Government Commission was appointed in 1877 to 
report on Mr. Fodder's scheme or to suggest, another within a cost 
nf 50 lakhs of rupees. In spite of tile very strong opinion against 
the suggested retention of the sewage outfall on the western fore¬ 
shore, as expressed by the majority of the witnesses who appeared 
before the Commission, the Commission agreed with Mr. Pedder’s 
proposals and work was commenced In accord mice therewith. 

Bv the end of 1880 the main sewer from Canute Bunder to 
Lovegrove, a new’ pumping station and a double barrelled outfall 
to the sea were complete*!. But in 1889 another Government Coiu- 
Uiittee was appointed to inquire into the nuisance caused by the 
existing si average system with the result that in 1890 the services 
of an eminent Engineer and Sanitarian. Mr. Baldwin Latham were 
requisitioned by the Municipality to report on the existing drain¬ 
age system of Bombay. 
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In his report submitted to the Municipal Corporation Mr. 
Baldwin Latham condemned the discharge of sewage at Lovegrove 
and pointed ont a mistake in the records of the tidal observations 
at Colaba that had been made and the erroneous deductions that 
had arisen therefrom. He strongly recommended Colaba as the 
only proper place for the sewage outfall for the whole City pro¬ 
vided that sewage would be stored in a covered reservoir there 
and lie discharged into the sea near the Prongs on ebb tide only. 

Another Government Commission was appointed to report on 
his proposals, the result being that the outfall at Colaba was con¬ 
sidered to be impracticable owing to the prohibitive cost involved 
by a very long and deep cutting in rock. Mr. Baldwin Latham 
at that time agreed that if an outfall at Colaba had been, for sound 
and considered reasons, found impracticable, then the continue- 
•tion of the discharge of sewage from an outfall at. Lovegrove 
seemed inevitable. 

In 1892 tlje question as to whether an outfall at Colalia for the 
Colaba sewage only would be advisable was raised, but after much 
discussion and on Government vetoing the suggestion, it was drop¬ 
ped. ' 

In 1899 at the reuuest of the Corporation Mr. Santo Crimp, an¬ 
other eminent Engineer and Sanitarian, visited Bombay to advise 
on various drainage questions particularly that of: 

(a) the disposal of the storm water of the City 

(b) the sewage outfall at Lovegrove. 

As a result of his investigations and float observations of the 
tidal cnrrents taken at the place of the existing outfall at Worli 
Mr. Santo Crimp suggested a transfer of this outfall further 
North to Worli Point on condition that, sewage would be allowed 
to lie discharged at that place during ebb tides. 

With regard to the disposal of storm water he suggested the 
diversion of the main open channel from its point of discharge 
into Mahim Bay, to a new place at Cleveland Bunder at Worli, as 
well as the construction of a long weir separating the main often 
channel from the storm water reservoir at Hornby Vellard. Both 
works connected with storm water disposal were carried out bnt 
not the suggested extension of the sewage outfall. 

With the increase of population in the Northern Part of the 
Island and the absence of a sewerage system in this locality con¬ 
siderable quantity of snllage waters and even of .crude sewage from 
tills part of the city have been continuously discharged Into the 
open drains, thus creating a constant nuisance specially noticeable 
during the dry months of the year. 
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In 1908 Mr. Mauglian, Deputy Executive Engineer, Drainage, 
prepared a scheme for the sewerage of the Northeru part of the 
Island in which he proposed the erection of a central Pumping sta¬ 
tion at. Dadar with sewers gravitating to this place from surround¬ 
ing localities stretching on the North as far as Sion and on the 
South as far as the Ferguson Road Ejectors. After being screened 
at the station it. was proposed that the sewage should Is; pumped 
through two -Ui ins. diameter cast iron risiug mains to Lqyegrove, a 
distance of miles, to lie finally discharged into the sea, through 
the existing outfall there. 

In 1909, on the representation of the special Committee ap¬ 
pointed by Government to report on the possible developments of 
the City of Bombay the Government passed a resolution in which 
they referred to the generally recognized unsuitability of Lovegrove 
outfall as the point of discharge for the sewage, owing to the 
nuisance to tin* Western pari of the city arising therefrom, and also 
to their inability to accord iiermission to the discharge of sewage 
through an outfall at Colaba. They stated that “the most suit¬ 
able site appeared to he North East of Sion provided that arrange¬ 
ments could be made to prevent pollution of the Ilai- 
hour by sewage. it was clearly desirable that the Corporation 
should consider the advisability of removing the outfall to the North 
East of Bombay without delay.’’ 

In 1912 when Mr. Midgley Taylor, another eminent Drainage 
Eugincer, was in Bombay he was requested by the Corporation to 
report on the disposal of the storm water of the whole of the City 
and on the sewerage scheme as prepa red by Mr. Maughan for the 
Northern part of the Island. In 1911 Mr. Midgley Taylor sub¬ 
mitted his report in which he fully agreed with Mr. Maughan’s 
proposals for the sewage disposal of the Northern part of the Is¬ 
land. With regal'd to the disposal of storm water he suggested 
diversion of the existing main open drain from Lovegrove to meet 
the Worli channel thus obtaining one common outlet at Cleveland 
Blinder at Worli. This scheme provided for a storm water pump¬ 
ing station at that, place with 10 centrifugal pumps to be actuated 
by Diesel Engines. Owing to the strong and well founded criti¬ 
cism on both of the proposals offered by the Municipal Executive 
Engineer and the high cost of the proposed installation of this Pump¬ 
ing station, with all the requisite subsidiary works at Worli, neither 
proposal was proceeded with. Anticipating in 1916 an increase 
in the volume of sewage to be disposed of in view of the augmented 
water supply expected after the completion of 'raising the Tansa 
Dam and the proposed scheme for the sewerage of the Northern 
part of the Island, as well as a desire to minimize potential nuis¬ 
ance thereof caused by the existing outfall at Worli, compelled 
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the Municipality to consider the question of enlarging the sewage 
outfall and extending it into deep sea waters. 

The suitability or otherwise in this respect of the existing sew¬ 
age outfall had been fully considered by the consulting engineer, 

Sir John Wolfe Barry, and condemned, and u new direct line into 
the deep waters had been suggested. 

In 1913 these recommendations having been approved the con- 191 s. 
struction of the present deep sea outfall at Lovcgrove to the length 
of 1,000 ft. with two 0 ft. diameter stool barrels encased in concrete 
was commenced. The outfall was not carried out as far as ori¬ 
ginally intended partly due to tlie circumstances connected with 
the war and partly owing to a very unfavourable condition for 
submarine works to be carried out on such an exposed const, thus 
making the execution virtually prohibitive on account of tl»e in¬ 
creased cost.. Besides it had been realized that, the site of this 
outfall in an expanded Bombay was far from the ideal or even the 
Isist available and in consequence further work 011 its construc¬ 
tion was stopped in 1918 when about 2.000 ft. of this outfall had | W18 . 
U>cn completed and a different solution of Bomba v,'s drainage 
problem has been sought. 

With the Xcw Tausa completion scheme, for augmenting lip to, 
00,000,000 galls, per day the City's water supply, in hand and in 
presence of ever increasing danger of further pollution of the west¬ 
ern foreshore, which may be rightly called, “The Langs of Bom¬ 
bay” with its fresh sea-breeze, magnificent promenades at. Worli, 
Hornby Vellurd and Warden Hoad, exeel lent and salubrious re 
sirlential areas along the whole line of this foreshore, the drain 
age problem of Bombay has to a considerable extent been ag¬ 
gravated, thus persistently demanding an early and sa t isfactory 
solution. 

But the partial and inadequate character of all former pro¬ 
posals tram time to time put forward for the solution of tlie drain¬ 
age problem together with an evidently defective Ntute. of the exist¬ 
ing drainage system and a- great expansion of the City during the 
last few years called for the necessity of proposing a more com¬ 
prehensive scheme and of greater magnitude. 

Such a scheme for the main drainage and sewerage of Bom¬ 
bay as a whole was prepared In J9IH by Mr. James W. M a ok i son, i»it. 
the then Executive Engineer of the Municipality. Mr. Motile, tlie 
then Municipal Commissioner before recommending this scheme to 
the Corporation deemed It advisable to obtain skilled expert's 
advice with regard to the proposals submitted and on the Cor¬ 
poration agreeing with him, the services of an eminent Engineer 
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and Sanitarian, Mr. J. D. Watson of Birmingham, were engaged 
and he subsequently arrived in Bombay in 1919. 

As a result of bis investigations, enquiries and studies of all 
(he local data and conditions connected with the Bombay drain* 
age problem Mr. Watson submitted in 1920 his first report in 
which he entirely agreed with Mr. Mackison's proposals and re¬ 
commended this scheme for execution. 

EXISTING DRAINAGE AND SEWERAGE SYSTEMS. 

Before continuing on the scheme itself it will l>e necessary to 
get acquaintance with the existing drainage and sewerage systems 
of Bombay, their working conditions, methods employed for sew¬ 
age and storm water disposal and with all such local data and 
conditions which served as a basis for the proposed new main 
drainage and sewerage schemes and led Mr. Mackison to suggest 
and Mr. Watson to recommend this scheme. 

Passing on to the question of the existing drainage and sewer¬ 
age systems it must lie pointed out that the drainage of Bombay 
is supposed to consist of two separate systems of drains, one being 
provided for the removal of rain waters and the other for the re¬ 
moval of ordinary domestic sewage and trade effluent. However 
part of the rain water usually finds its way into the sewers, thus 
increasing the volume of the sewage in the sew'ers under monsoon 
conditions to an extent, of about three or four times of the dry 
weather flow' and making the existing drainage system of Boinlwy 
in fact only partially separate. At the same time many sewers are 
connected with the storm water drains, thus making the whole 
drainage system considerably worse than it might otherwise, be. 

The Island of Bombay, as it exists now', has been made into 
one from seven separate islands partly by the silting action of 
the sea and partly by human agency. As a result of such forma¬ 
tion large areas reclaimed from the sea in the central part of 
the present Island are lying in a large hollow, at levels below 
High Water mark of the sea, being surrounded by more elevated 
lands all along Che shores, where tw*o parallel ridges of low hills 
are running: one along the western shore from Malabar Hill 
Point to Worli, and the other along the eastern shore from 
Col&ba Point to Sion. 

STORM WATER DRAINAGE SYSTEM. 

Owing to such peculiar physical features of the Island upon 
which the town of Bombay stands the rain water from these high 
lands only is being drained by a system of storm water drains dis¬ 
charging directly into the sea at any state of the tide. There 
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are no less than 40 of such separate outlets discharging either into 
the open sea on the west, Back Bay in the south. Mahim Bay on 
the north or into the harbour on the east at different points on 
the shore. The rain water from all the remaining lands which 
are lying below the High Water mark of the sea is being drained 
by a number at different sises of storm water drains ail discharg¬ 
ing into two Low level open channels and the storm water Re¬ 
servoir near the Race-Course. Here it is collected until it is dis¬ 
charged into the open sea through specially provided sluice 
gates at their outlets and which are opened at the time of ebb 
tide and during the monsoon only. During the time of high tide 
as well as during the whole dry season of the year these gates 
remain closed. 

One of these Low level channels will) an outlet into the sea at 
• T|ovegrove for the drainage of the sent hern part of the low level 
lauds lying approximately between Sandhurst Road and Byculla, 
and another one with its outlet, near Worli Point for the drain¬ 
age of the central and northern ports of these lands have Ihhjii 
provided. 

The defects of such a method of siontt water disposal are 
obvious and being numerous they are still aggravated by the very 
defective state of the majority of storm water drains in the City. 
Being in a position to discharge storm water during the ebb tide 
only these low level channels, owing to their unnecessary sinuous 
routes and very small gradients, in certain cases reaching 1 in 
10,000, are as a matter of fact, unable to produce the required 
velocities in order to empty themselves to the maximum during 
the short periods of their usual discharge into the sea. They 
remain stagnant under tide locked conditions with the consequent 
settlement on their bottoms of all suspended matters they carry 
which causes a nuisance to the population. 

Mr. Watson in his second report on the main drainage and 
sewerage schemes referring to the existing conditions of the storm 
water drainage of the City gives the following description of 
their state: * 

“I do not exaggerate when 1 say that I never beheld storm 
water drains in so foul a state. They have really l>ecome huge* 
uncovered septic tanks in which vast quantities of organic matter 
are being liquified by putrefying or septic organisms. The chief 
cause of this deplorable condition appears to be that sewage and 
sullage waters are being discharged into them, that large quanti¬ 
ties of tilth and caw dung from stables • are being flushed 
into them, and that septicised sewage direct from septic tanks 
without any effort to oxidise it on laud or filters is made to flow 
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into them thus inoculating the lean foul water* in the drains 
with putrefactive anaerobic organisms which rapidly infect the 
whole volume. Meanwhile 1 would direct attention to the ob¬ 
struction to flow in Lovegrove Creek between the sluice gates and 
t.lie open sea. Whereas the level of the sill of the gates is about 
73.00 T.I1.D. the level of the bed of the creek varies from 73 to 
83 T.il.D. thus causing much silting in the storm water chan¬ 
nel.” 

As regards the conditions of the contributary drains and other 
minor feeders distributed all over the city it must be pointed out 
tnat most o] them arc more or less in the same deplorable condi¬ 
tions. 


Constructed as a rule with very flat gradients sometimes 
not covered and of insufficient dimensions these drains do not 
possess self cleansing velocities, thus being constantly choked and" 
very often overflowing during even comparatively small rainfall. 
Some of them are very old and having been constructed more than 
(10—-70 years ago are in a dilapidated condition requiring recoil 
s<ruction. They all arc badly silted, thus producing only a small 
flow not sntlicient to meet monsoon requirements. 

Most of them are constructed either of stone masonry or of 
bricks on lime mortar and are covered with rough pieces of stone 
slabs locally called “dnphn” and had their invert plastered only 
at tin* time when they were built. 


Along the streets, which have their drains constructed under¬ 
ground, storm water entrances with cast iron gratings of the 
usual type are provided at intervals of 100 330 feet. All of them 

are provided with catch pits for intercepting road grit and detritus 
ami are trapped to prevent escape* of noxious gases from the drains 
into The air of the streets. 


The existence of such arrangements of trapping storm water 
drains may be explained only b.v the presence of highly polluted 
liquid flowing in the drains as a result of soilage and sewage 
l*eing allowed to discharge into them as well as by insufficient 
\clarities of their flow* allowing the organic matters they carry 
to piitrifv in the drains prior to the liquor reaching the outlets 
into the sea. Tn every properly designed scheme such arrange¬ 
ments are entirely unnecessary and are even most objectionable 
from a sanitary point of view. 

Being for reasons already described provided with catch pits 
and trapped they are intercepting not so much grit or road inetal 
of which they receive very little from the roads of Bombay the 
majority of which are tarcoated or asphalted, but the foul ^waters 
of the road-washings, as a rule always very dirty, thus allowing 
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polluted waters to stagnate in the catch pits and to provide very 
convenient and hideous mosquito breeding places verv widely 
distributed all over the city. In towns like Bombay, where mala¬ 
ria is an endemic disease there is no excuse for the existence 
of such mosquito nurseries except for only the reasons stated. 

There are in existence about 180 miles of storm water drains, 
their sizes varying from 20 feet by It feet double barrelled drains 
to 0 ins. circular stoneware pipes. Only about 30—40 miles out 
of the total length of the existing storm water drains are being 
annually cleaned, but in spite of this more than 300,000 c. ft. of 
silt are reported to be removed annually therefrom. In spite of 
the considerable amount of money which is !»eing spent annually 
for cleaning these draius there is still room to desire their more 
regular and lietter cleaning. In 1925-20 about 20 miles of storm 
( water drains were reported as having Im*cii cleaned and 30.713 e. ft. 
Of silt removed therefrom. Besides that also Worli, Lovegrove 
and certain other main open channels were reported us having 
been cleaned and 350.570 c. ft. of silt were removed therefrom. 


SEWERAGE SYSTEM. 

As regards the Bombay sewerage if has already Ih*cii stated 
that the major part of the Island, i.c.. the whole area south of 
Elphinstone Road has been sewered am! that the whole of its 
sewage by a number of tributary sewers is being conveyed to two 
main intercepting sewers gravitating to Lovegrove. 

Besides that the whole sewage of CoIuImi district, approximate¬ 
ly from the Hotel Majestic southwards is at present dealt with 
on a Shone sectional system, and where an Air <Compressor sta¬ 
tion situated near the old Cotton Green with air mains to the 
live ejectors ^ *ces sewage through rising mains to gravitation 
sewers and finally discharges it into the main sewer near Welling¬ 
ton Fountain wherefrom it flows bv gravitation to Lovegrove. 

Owing to the peculiar configuration of the Island, already des¬ 
cribed, sewage from certain low-lying districts of the town can 
not flow by gravitation into the main sewers and in all such cases 
i< being lifted locally, as is done at Cola I mi, by Rhone ejectors, 
the main Air Compressor station being situated at Lovegrove. 
Eventually the whole sewage is delivered to Lovegrove. After 
passing there through a detritus chamber where both heavy and 
floating matters are arrested and removed by mechanical dredgers 
the whole sewage is lifted at Lovegrove Pumping station and finally 
discharged into the sea through a deep sea outfall consisting of 
two 6 ft. dium. steel barrels enclosed in concrete and projecting 
into the sea for distance of about 2,000 ft. 
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The remaining part of the Island to the North of Elphinstone 
Hoad and North east of Worli channel still remains unsewered 
although a number of sewers hare been already laid there and in 
such a manner as to fit the proposed new scheme with an outfall 
at Antop Hill. 

The pumping station at Lovegrove consists of four steam driven 
Beam pumps of 460 B.H.P. for lifting the sewage to an average 
height of 10 ft. and of two centrifugal electrically actuated pumps 
of 1,000 B.H.P. for lifting the sewage to an average height of 23 ft. 
The average dry weather flow is at present equal to about 
40,000,000 gallons per day. The two main intercepting sewers 
gravitating the sewage of the city to Lovegrove are about 5 miles 
long, ovoid in section, one beiug 9 ft. by 5 ft. 9 ins. and tbe other 
8 ft. by 5 ft. 3 ins. with a combined maximum discharge of 
about 100,000,000 gallons per day. They are constructed of 
brick in lime mortar and are plastered with cement mortar inside. 

The tributary sewers are either ovoid or circular in section 
and are also made of bricks in lime mortar and plastered with 
cement inside. 

As regards minor feeders they are ail stoneware pipe sewers 
varying from 9 ins. to 15 ins. diam., 6 ins. pipes being used for house 
connections only. All sewers are provided at irregular intervals 
with niunholes of various sizes, shapes and types, are covered with 
heavy cast iron covers and provided with steps inside for inspect* 
tion purposes. In view of the continuous silting most of the 
main sewers are provided along their length at the invert with 
catch pits for intercepting sand, ashes and road detritus as usual¬ 
ly contained in the Bombay sewage. These catch pits being 
emptied from time to time reduce silting of the invert in the 
sewers and provide convenient places for silt remove’ through the 
inuuholes constructed over them. 

There are in existence about 138 miles of pipe servers and over 
20 miles of main ovoid sewers. Daring 1925-26 about 70 miles 
of pipe sewers were reported to have been cleaned and silt remov. 
ed therefrom amounting to 68,291 c. ft. In the same year 16.46 
miles of main sewers were also reported as having been cleaned 
the silt removed therefrom amounting to 26,354 c. ft. Besides that 
during the same year 76,496 c. ft. of silt were reported as having 
been removed from 42 catch pits provided in the sewers. 

DEFECTS OF* THE EXISTING SEWERAGE SYSTEM 

Both from engineering and sanitary pUnts of view there is 
much to be said against the existing sewerage system of Bombay 
in general and the method of sewage disposal in particular. V 
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Referring to the present sewerage system of Bombay Mr. 
Watson in his first report says: “Speaking generally the Bombay 
sewers so far as 1 hare seen them are well built but I have seen 
sewers constructed of bricks which 1 did not think good enough 
to outlast even a short period loan. The chief fault which 
I have with the sewers of the City refers to flat, gradients and in¬ 
adequate flushing. The tendency for large trunk and intercept¬ 
ing sewers to silt up received a great deal of my attention. The 
tendency is general and although the management cleans the 
sewers at intervals the tendency does not diminish which shows 
that more drastic remedies will have to be adopted. Many il¬ 
lustrative profiles were submitted to me for examination. They 
have been taken at various times over a long period and they all 
prove that even with reasonable treatment the inclination to silt 
up was very pronounced. It is evident that the faults lay with 
the gradients insufficient to produce the velocities necessary to 
carry forward silt.” 

To illustrate Mr. Watson’s conclusions T shall refer to Mr. 
Baldwin Latham’s rtqmrt of 1892 on “The Hanitation of Bombay” 
in which he states that “owing to the accumulation of silt the 
rates of inclination of sewage in main sewers had been on the 
average reduced from I in 1347 to 1 in 2200, a diminution of fall 
which would alone decrease the velocity of flow by 25 per cent” 
and that “the sewers of Bombay instead of being put to their 
legitimate use have been converted into underground receptacles 
of decomposing filth ami instead of flowing w'itli an ever moving 
and living stream are silted up with decaying matters giving off 
deadly gases to the positive injury of the health of the people.” 

And though it was written in 1892 it is sufficiently applicable 
to the state of sewers to-day. I have seen myself (i ft. dia. sewers 
with silt acciunnlated to a depth of over 3 ft. and with such a 
ridiculously small velocity of flow' as only 9 inches per second. 

Most of the sewers are very old and having been constructed to 
serve the population of the time when they w r ere built ore evidently 
inadequate for the population of to-day increased as it has. At 
the same time some of them having been designed with a carrying 
capacity based on a water consumption scarcely above 15 gallons 
per head per day as in 1881 have become entirely inadequate to 
accommodate the present discharge, when water consumption has 
Increased to about 50 gallons per head per day. 

But whatever the causes for the existence of such defects migftt 
be the results are badly felt every now and then. 

As a matter of fact insufficient velocities of flow in sewers 
and their general tendency to silt np are responsible for the in¬ 
creased putrefactive processes. Their accelerated appearance 

b is 
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in the flowing sewage, specially intensified in the favourable 
conditions of high temperature in India, produce gases with the 
most noxious odours poisoning the air wherever free outlet for them 
exist. * 

This bad smell is felt particularly at the outfall at Lovemove 
where over 40,1)00,000 gallons on an average of such putrid sewage 
emanating offensive gases is being daily discharged into the sea, 
thus producing sometimes abominable smells poisoning the whole 
of the locality. 

The general tendency of sewers and storm water drains to 
silt up besides other drawbacks indicates the necessity of their 
more frequent cleaning thus involving unnecessary expenditure 
already amounting to not less than Rs. 50,000 per annum. 

Although the length of the sewers and drains annually cleaned 
is small in comparison with the total length of the existing sewers 
mid drains of the whole city, the large quantity of silt removed 
therefrom clearly indicates their lack of silt carrying capacity, 
which reduces the amount of the silt otherwise to be gravitated to 
the outfalls and there discharged into the sea. 


DEFECTS OF PRESENT METHOD OF SEWAGE DISPOSAL. 

As regards the sewage outfall itself it must he.pointed out 
that the continuous discharge of crude sewage at all states of the 
tide on the western foreshore, i.e., on the windward side of the 
Island 4 is responsible for the contamination of a considerable 
length of the western foreshore by the accumulation of sewa t ge 
deposits on the shore and tainted air of tips locality by the foul 
breath of the outfall and polluted waters of the sea. Such de¬ 
posits can he found everywhere on the foreshore in more or less 
marked quantities and so far south as Warden Road, i.e., at a dis¬ 
tance of about 2—3 miles from the outfall, blit considerably less 
quantities of the deposits are to be fouud to the North of the out¬ 
fall. 

Accumulation of these deposits is markedly increasing in 
the shallow bays along the foreshore and is particularly notice¬ 
able in the bay at Hornby Vellard, where large quantities of sew¬ 
age deposits and decomposing sea weed growing at the bottom of 
the bay are clearly visible at every low tide and can be easily 
recognised by the smell they produce. 

The issue of offensive gases emanating from the sewage 
deposits decomposing on the shore is greatly' increased at the time 
of low tides when these deposits become exposed to the influence 
of the sun’s rays. 
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The chief cause of the accumulation of these deposits on the 
shore is the direction of the existing tidal currents in the sea on 
the western foreshore of the Island. As will be seen from plate 
No. 2 the direc^m of these currents is towards the open sea and 
northwards during the flowing tide only, being all along the coast 
lineitowards the south for the rest of the time. These currents 
are causing the sewage discharged at the outfall on the ebb tide 
to flow along the coast line and to be carried by the tide well down 
and towards the coast in the direction of Malabar Hill. Only 
flowing tides produce currents which make it possible for the sew¬ 
age to flow sufficiently far out into the open sea and up the coast 
line. The velocities of these currents are only about one-eighth 
to half a mile per hour, the average usually being greatest at the 
flood tide aud the maxi in u m higher on the ebb. 

1 * As a result of such movements of the currents and their 
small velocities the whole of the sewage discharged into the sea 
at the outfall, is moving to and fro along the coast and only during 
short periods of the flowing tides does it flow sufficiently far out 
into the open sea and there thoroughly diffuse itself in the large 
volume of sea water. 

Therefore the whole part of the sea nearest to the coast line 
is being heavily saturated with the sewage perpetually moving to 
und fro along the foreshore. The line of sewage diffusion in the 
sea water is clearly visible by the difference of colours of the sea 
surface, this being very dark at the part when; sewage is mixed 
with it. It rep resents a continuous strip on the sea surface about 
2,000—2,500 ft. wide from the shore at the point of the outfall and 
gradually diminishing*in its width towards the south. 

ftueh inability of the sea. currents to transport into the open 
sea the whole of the sewage discharged ut the outfall causes over 
saturation of the sea water with sewage along the coastal line. 
The purification process of the sewage diffused in the sea water 
thus is diminished and delayed duff to the lack of oxygen contain¬ 
ed in such highly polluted sea water which is necessary for the 
rapid destruction of fhe putrescible organic constituents of the 
sewage. 

Besides that the force of the winds should be considered in 
this case as well. As may be seen from the plate No. 5 the 
frequency and direction of prevailing winds blowing on the aver¬ 
age during 260 days in a year from the sea towards the western 
shore are also responsible for the accumulation of sewage 
deposits on the shore by influencing superficial currents of the 
sea water mixed with the sewage to move towards the coast. 
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At the same time the force of the prevailing winds blowing 
with an average daily velocity of about 25 miles is so great, that 
it prevents organic matter contained in the sewage diffused in the 
sea water, from rapid sedimentation at the bottox% of the sea and 
keeps it in suspension and under ever moving conditions, thus as¬ 
sisting its transportation further south by the tidal currents. 
There is consequently fouling of a longer portion of the foreshore 
by the accumulation of sewage deposits at every convenient place 
wherever more or less calm waters in the bays permit their sedi¬ 
mentation. 

But the same force of the wind besides its drawbacks has also 
certain advantages. It relieves to a considerable extent the 
nuisance caused by the abominable smell produced by the sewage 
discharged and its deposits on the foreshore by blowing tainted 
air into the atmosphere, thus assisting its rapid dilution by . 
mixing it with large volumes of fresh air. 

At the average velocity of the prevailing wind of 32 miles per 
hour these offensive smells are less felt on the shore and are never 
felt in lurid further than half a mile or so from the coast. But in 
the absence of wind or even with its diminished velocity inten¬ 
sity of the smell is usually considerably increased all over the 
foreshore and is felt some time much further inland being brought 
there by oeeasional atmospheric currents 

At the same time, to the misfortune of the people living in 
the vicinity of the shore, it is noticed that the velocities of the 
wind are greatly decreasing, if not disappearing altogether usual¬ 
ly at time of low tides, i .<\, exactly at the time when their increased 
activities are specially required owing to the maximum intensity 
of smell at that lime produced by tbe accelerated putrefaction of 
sewage deposits remaining uncovered by the sea water on the 
foreshore. I have my owji testimony based on my seven years* 
stay at Lovegrove that at the hottest time of the year and at low 
tide and with calm weather the smell becomes almost unbearable 
and certaiuly is appalling. * 

For a more complete picture of the existing methods employ¬ 
ed for the removal of humun excreta and other tilth in Bombay, 
it remains to be mentioned in addition to that already described 
that to the shame of Bombay as “Urbs prima in Indis’* the most 
offensive system, the halalkhore system, is still in vogue in the 
Northern uusowered |Tart of the City. I do not propose to des¬ 
cribe this system so well known in India, but I shall refer only to 
Mr. Baldwin Latham’s opinion who says:—. 

“T cannot speak too strongly against such a disgusting and 
unsanitary system; under it you have the daily accumulation of 
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dangerous organic matter often near or in very close proximity to 
tlie habitation, then the collection and carrying of this matter 
by men and women wlio ought to be engaged in some more noble 
occupation an<^ again you have the cartage of the material 
through the stregjts to the disgust of the sensitive public. By the 
abolition of this system a very large sum of money would be 
annually saved which is now expended in the collection of the 
faces of the population.’’ 

Those are the main features of the existing drainage system 
of Bombay with its most characteristic drawbacks and defects 
of to-day as a result of several unsuccessful attempts to grapple 
with the drainage problem during the past seventy years. 

But what was admissible, to be precise only tolerably in the 
past, is no longer permissible in view of enhanced engineering 
knowledge and the higher standard of sanitary requirements of 
to-day as well as of those vast developments and enormous ex¬ 
pansion of tire city and its population which were attained during 
last twenty years. 

Therefore nearly a century of experience in the drainage pro¬ 
blem of Bombay and our kuowledge of already committed mis¬ 
takes should not be ignored but fully utilized in order to avoid 
their repetition in future. Particular attention must be paid in 
Regard to ull the details of such importance in the conditions pre¬ 
vailing iu Bombay, with its distinctive physical features, poten¬ 
tial growth of the population, expansion of the <’ity, augmented 
water supply and many other details playing 'very important 
pajrts as deciding factors in the selection of these or other methods 
of sewage disposal, position of the outfalls, direction and sizes 
of various sewers and drains, quantities of liquid to be dealt with, 
their velocities of flow, etc. 

The consideration of some of these factors will now he under¬ 
taken. 

In determining the sizes of sewers and a pumping station with 
its relative works, the expected volume of sewage and storm 
waters must lie considered. The volume to be provided for de¬ 
pends on 

(1) the maximum flow of actual sewage 

(2) the provision required for further expansion and 

(3) the rainfall. 

The subsoil water should be considered especially on acconnt 
of the conditions prevailing in Bombay, where this water is very 
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high and in responsible to a maximum extent for the malaria so 
prevalent in Bombay. The first two questions are closely connect¬ 
ed with the population and water snpply of the city and what 
their ultimate figures are expected to be after, say, fifty or sixty 
years. * 

POPULATION. 

it lias already been pointed out that most of the lands of the 
Bombay Island as it exists at present, have been made snitable 
for habitation as a result of reclamation and development work 
carried out during the last century and especially during the last 
twenty years. Due to the extensive work undertaken by the Port 
Trust, Improvement Trust, Development Directorate and the 
Municipality large areas of new land have been developed as well 
jin new areas reclaimed from the sea. It is worth while noting 
that while in 1901 the total area of the Island -was 14245 acres * 
only, it became in 1911 equal to 14755 acres, in 1921 equal to 
15005 acres and at present is calculated to be about 15500 acres 
excluding amis of the Back Bay Reclamation scheme which is 
still in progress. 

At the same time the population of the City has been increas¬ 
ing more rapidly and while in 1901 according to the census re¬ 
turns of that year the total population was equal to 7,76,006 
persons it was in 1921 already equal to 11,75,914 and is supposed* 
to be now approximately 13,00,000 persons. 

The following figures are interesting and show the progres¬ 
sive growth of the population of Bombay for the last ninety years. 


Year. 

Population. 

1836 

236,000 

1872 

644,405 

1881 

773,196 

1901 

776,006 

1911 

979,445 

1921 

1,175,914 

1927 

1.274,150 


Mr. Watson in his first report writing on the population of 
Bombay states that “growrth of the City is not necessarily a 
natural growth in the sense of its being due to the excess of births 
over deaths. It may be due rather to the fact that whenever trade 
is good there is an influx of workers from the mofussil, or interior 
of the country.” This is entirely applicable to Bombay, the large 
centre of the textile industry and the most important sea-port of 
the whole of India. This may also be proved by the comparison 



EMMANUELOV ON DRAINAGE PROBLEM OF BOMBAY. 148 


of figures showing number of births ami deaths and the total popu¬ 
lation of Bombay for the last fifty-five years as indicated below s— 


Yean. 

1872. 

1881. 

1401. 

1921. 

1926. 

Total population 

6.44.405 | 

7.73,196 

7,76.006 | 

11,75.914 

12.74,150 

No. of births 

13,155 

16,760 

13.520 

19.125 

21.068 

No. of deaths 

18,990} 

22.421 ! 

59,495 

53,609 

31.994 


This is also evident from the last census when it was recorded 
that only 19.5C per cent of the total population of Bombay are 
people born in this city, while the rest of them are immigrants 
from various parts of India and foreign countries. 

Generally speaking it may be assumed that, since 1881 the 
population of Bombay has increased by about 50 per cent, while 
Jts average density for the same number of years showed a con 
sdderably lower increase being 54 persons per acre in 1881 and 78 
persons per acre in 1921. 

At the same time partly due to the habits of oriental people 
to live (‘lose together and partly due to the fluctuating character 
of the population its density in the different parts of the City is 
exceedingly variable. While central districts of the City with 
their mill industry and other commercial undertakings are most 
densely populated, their density in certain parts being as high as 
|j®9 persons per acre in 2nd Nagpada and 736 persons per acre in 
Kumbharwada, there are districts in the Northern part of the 
Island with a population of 20 persons per acre only. 

Although the population of Bombay has nearly doubled since 
1881 and its avprnge density has increased by 24 per cent during 
thft same number of years, the density of the population in most 
congested districts remains practically the same and in certain 
cases has even decreased as may be seen from the flgnres given 
below:— 



Density of the population per acre in the years. 

Districts. 

-- 

f “ *1 

' I89J. | 



. 


1881. 

1901. 

1911. 

1921. 

Kumbharwada 

7775 

! 699-3 : 

598 0 

601*5 

736*00 

lit Nagpada 

323 1 

; 376-1 ; 

35l'3 

2167 

260-21 

Bhuleswar 

508*0 

506-2 

398*8 

481*1 

471-30 

Chitkla ••• 

726*4 

! 624-2 : 

472*7 

469 8 

489-70 

Market 

5582 

502*2 

318*8 

338*6 

481*69 


Therefore the growth of the population during these years 
affected to a considerable extent only the less populated districts, 
particularly those in the North of the Island where large housing 
and land improvement schemes have been launched by the Govern¬ 
ment. City Improvement Trust, .Port Trust and the Municipality, 
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The density of thr population in these districts is markedly 
increasing 


T 


Density of the population per acre in the years. 


Districts. 


1881. | 

\m. i 

i 

1901. 

| 1911. 

| 1921. 

Byculla 

• # • 


50 7 ; 

112 6 

147*30 

160*93 

Parel 


169 I 

25 9 ! 


823 

107*25 

Mahim 

••• ! 

18 8 : 

9 *9 f 

21*2 

23*7 

31*85 

Worli 

... i 

Ssniw 

17*2 : 

25*1 

49-4 

5269 

Mahaluxmi 

... I 

16 9 | 

i 

45*6 

i 

28*1 

40 9 

59-77 


The detenuiiiutiou of the expected population of the City 
uiul the ultimate figure in fifty years’ time is of course a difficult 
problem and ran only he surmised approximately from the past 
records. This is especially difficult in connection with Bombay* 
where its population is liable to considerable fluctuations de¬ 
pending on the state of trade and commerce. All we have at our 
disposal for arriving at ail approximate total are the census re¬ 
turns for the previous fifty or sixty years, on the basis of which 
the ultimate figure of the expected population for a similar period 
of years can he estimated. 


In this case, taking into eouNiderulion that the population of 
Bomhuy lias for the last, fifty years increased l»y f>0 per cent and 
looking at the ever-increasing prospects of Bombay in regard to 
its enormous eommercial and trading possibilities as the Gate¬ 
way of India, it might rightly be assumed that the population will 
be very nearly doubled during the next, fifty or sixty years. There¬ 
fore the expected population has been finally accepted by Mr. 
Watson based oil the last, census of 1921. to be about. 2,000,000 
persons, according to which figure all the calculations with re¬ 
gards to the proposed new sewerage scheme are being made, though 
t.lie original scheme had been calculated for an expected popula¬ 
tion of 2,689,750 persons. 

It has already been mentioned that the density of the 
population in the most congestod districts has been decreas- 
ing by migration of the population to the newly developed 
districts in the Northern part of the City. Taking into considera¬ 
tion all the circumstances including possible developments that 
mity take place in the most congested districts it may be assumed 
that the population of 2,000,000 persons will be distributed all 
over the Island more proportionately than at present and its 
average density may be accepted as varying between 100 to 150 
persons per acre. All particulars in regard to the density of the 
population in different areas are shown in the table No. I. ’ 
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WATER SUPPLY. 

Water supply beiug the second important factor in determin¬ 
ing the capacities of the sewers and other relative works must 

next be considered. 

• # 

As in the case of the population so in this case it is very diffi¬ 
cult to determine accurately the total quantity of the water that 
will be ultimately used by the population of the City at the end 
of the next fifty years. Everything depends upon the quimtity of 
water that ultimately will be used by the population per head per 
day. The difficulty may be understood by coiiqMirison of the 
figures showing actual water consnmpi ion jht head per day by 
the population of different towns. 


The following table gives an idea of water eoiisumption in 
* various towns of the world :— 


I taly 

Route 

Gals, per head per day 
200 

U. 8.A. America 

Chicago 

200 


New York 

110 


Boston 

71 

South Africa 

Durban 

02 


Pretoria 

r.7 


Cape Town 

:u 

China 

Shanghai 

00 


Hongkong 

IS 

England 

< Jlasgow 

•rpm 

• H 


London 

•Mf 

»*•* 


Leicester 

10 

Switzerland 

Geneva 

no 

France 

Paris 

100 

Australia 

Adelaide 

IS 


Oakland 

30 

Japan 

Tokio 

It 


Kola* 

2r» 

Germany 

Berlin 

15 


Breslau 

10 

India 

On lent ta 

!MI 


Bombay 

no 


Madras 

28 


a 
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Until recently the total water supply of Bombay was a little 
over 40,000,000 gain. |»er day with an average water consumption 
of 34.5 gals, per head jN*r day including water used for industrial 
and all other purposes. After the completion of Tansa Water 
Works Scheme the water supply of the City increased to 66,750,000 
gals, per day as il is at present aud is estimated ultimately to lie 
equal to 00,000,000 gals, per day which is the maximum amount 
the present catchment area of Tansa lake can yield in years of nor¬ 
mal raiufall. 

The total present daily consumption of 00,750,000 gals, is 
being distributed for different purposes as follows:- — 


Huhiirlts 

2,000,000 gals. 

Mills, factories and other trades 

4,250,000 

»» 

Port Trust 

1,500,000 

tt 

Railways 

2,000,000 

M 

Govt, properties 

Different public purposes such ;ih Muni¬ 

1,250,000 

t* 

cipal gardens, markets, slaughter 
houses and other purposes 

4,250,000 

»» 

Milch cattle stables, private liveries and 



commissions 

1,000,000 

tt 

Race Course, Hotels 

1,000,000 

ft 

Building purposes 

2,500,000 

tt 

Total 

20,750,000 

*» 

Purely domestic purposes 

45,000,000 

It 

Grand Total 

66,750,000 

tt 


With the population at present of about 1,300,000 the average 
eotisumplion is therefore about 50 gals, per head j>er day which 
quantity is considered adequate to meet all present needs of the 
population including industrial and all other requirements. 

It is not easy to say also what water supply cau be regarded 
us “ normal,*’ as ideas in this resjiect differ widely in various 
countries, lu certain towns 15 gallons per head per day satisfied 
t he demand while in others two or three times that amount might 
‘-be accounted for by more lavish use of water. Generally speaking 
the quuutity of water used by the imputation depends on the 
climatic conditions of the country, the habits of the people, their 
standard of living, the industries in which people are employed 
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and the amount of waste water common to every water supply 
system. 

Mr. Watson in his first report says: “I venture to say that in 
future it will be found that a supply of not less than 50 gals, per 
head per day is quite justified in a country where, the daily and 
nightly temperatures prompt the use of water for bathing and 
* other purposes; at the same time I am convinced that with good 
management 50 gals per head per day is sufficient for any 
community and I do not exclude either Chicago or New York 
provided adequate means are taken to check waste.” 

But the water consumption is not equal throughout the 24 hrs. 
and being a minimum at night it considerably increases during the 
day. At the same time it is not equal during the day being the 
heaviest between the hours of 0 and 0 in the morning and 5 and 8 
•ip the evening when it reaches nearly 75 per cent of the total 
daily consumption. 

RAINFALL AND “RUN OFF.” 

The rainfall being another important factor in flic design of 
any drainage system will lie considered now. 

With regard to the determination of tho sizes of storm water 
drains for the volume of storm water to he provided for tlie 
volume of rain that falls in the shortest, period of time is a matter 
of great importance and must lie considered. 

This, of course, is a matter of opinion but much can hi* done 
by careful study of the rainfall records over a sufficiently long 
period of years with special regard to determining the maximum 
rate of the intensity of the rainfall which can safely he accepted 
without exceeding the critical economic basis. 

From the records of consistent and continuous observations 
of the rainfall during a period of 711 years carried out by Oolaba 
observatory in Bombay much useful information has been gathered 
by Mr. Watson and summarized in tables Nos. 2 and 3. 

; Table No. 3 shows that the average of the maximum hourly 
- rainfall for the last 30 years is 1.70 incites and the average of the 
maximum daily rainfall is altont 0 inches. 

The maximum hourly rainfall was 2.91 inches on one occasion, 
over 2.5 inches on four occasions and over 2 inches on nine occa¬ 
sions for the whole period of the last 30 years. 

Such rates of rainfall being exceptional cannot he taken into 
consideration. Leaving out of consideration all the maximum 
rainfall records exceeding 2 inches per hour the average maximum 
hourly rainfall will be only 1.52 inches. Although there ha s been 
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rainfall of such intensity nearly every year, Laving Leeu recorded 
only on a few occasions not exceeding two or three times in a year, 
such data should not lie taken as deciding factors in the determina¬ 
tion of the Mixes of storm water drains. 

Mr. Watson writing on the rainfall of Bombay says in his 
first report : ••Figures like these lead me to say that the Bombay 
drainage system should Is* provided for not less than one inch per 
hour of rainfall over the area served or rather more than three 
times tiie provision made by Loudon where a rainfall of over 1A* 
per hour has ls*en registered and where the allowance is less than 
one third of an inch per hour over the area served. In face of 
these tigures it. is wise to provide as many area units with direct 
storm water outlets as is conveniently possible and to anticipate* 
intelligently the "nature of the surfaces—paved or otherwise—on 
which rain will fail when the area is fully built up.” * . 

Having now decided upon the most important, point, that, of 
the rate of rainfall to be allowed for, the estimate of the “run off” 
into the proposed drains must he considered. The fact is that the 
larger the area to be drained the less is the ratio of ‘‘run off” to 
the maximum rate of rainfall allowed for. 

At the same time the moil* the area is paved and built up flu* 
larger will be the rainfall discharged into the drains, i. c M the 
greater will Is* I lie ratio of “run off” to the rate of rainfall allowed 
for and the reverse. 

Taking into consideration all the local conditions and expected 
developments of the City it. might he assumed that most of the 
City’s areas will he paved and built up within the next fifty—sixty 
years; thus leaving as unpaved only areas occupied by gardens, 
open spaces, play grounds and yards of houses. We may assume 
that, at least 75 |w*r cent of the remaining areas will he built up 
and paved. In necordnnce with these* conclusions and with the 
help of Jlurkli-Zeigler’s formula a diagram lias lieen computed 
—Plate No. for the expected “run off” from the different sixes 
of areas and in the conditions of a fully developed Bombay with 
a maximum intensity of rainfall of 1 inch per hour. 

PROVISION FOR RAIN WATERS IN SEWERS. 

Having obtained all the data with regaTd to the expected 
population, and its density and quantity of water to he 
used, the volume of sewage expected to be dealt with can lie 
calculated. Generally speaking the volume of sewage should be 
regarded as not less, than the quantity of water supplied to the 
City, which as it lias already been stated has been estimated in 
tin* case of Bombay to be not less than 50 gals, per head per day for 
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years to come* The inevitable diminution in the volume or sewage 
as compared with the volume of water consumed, owing to 
natural causes such as use of water for drinking purposes, 
evaporation etc., is negligible, the defect being made up by the 
liercolution of subsoil waters into the sewers specially noticeable 
when new newel's are being coupled with an old sewerage system. 
Therefore an allowance for the intiltration of tlie subsoil water to 
the extent of 15,000 gals per mile of tlie new sewers has been made 
in addition to the expected volume of the dry weather How of 
sewage. 

But, as it has already been pointed out under monsoon condi¬ 
tions a certain part of the rain water linds its way into the sewers, 
thus increasing to a considerable extent the volume of sewage to 
he conveyed by them during the monsoon. Besides that the rise 
• yi the level of subsoil water under monsoon conditions is also 
responsible to a certain extent for the increased volume of sewage 
at that time pf the year by the more intensive percolation into the 
sewer under increased pressure owing to the subsoil water's higher 
level. 

With tiic evidence of such conditions Mr. Watson considered 
it necessary lo estimate the maximum volume of the sewage to lie 
provided for in the new sewers to be equal to four times their dry 
weather How of 50 gals per head per day, i. e., at the rate of 200 
gals, per head per day of their maximum flow. Ou this basis all 
the calculations for determination of the sizes of sewers and other 
relative works has been made in the new proposed sewerage scheme. 


VELOCITIES OF FLOW. 

The main object of every drainage system is the removal and 
disposal of the storm water, sulJagc water and sewage proper as 
expeditiously as possible and in a manner so as not to cause any 
appreciable nuisance. Therefore tlie question of the velocities of 
flow required for the quick ]*emoval of sewage and storm waters as 
well as of the methods to be adopted for their disposal are very im¬ 
portant factors to he decided upon. This liecomes specially im¬ 
portant in hot countries like India as it is evident that the more 
speedily these are removed the liettcr it will he for the health of 
the people. It is generally recognized that all the sewers and 
drains should be constructed with such gradients as will produce 
self cleansing velocities of flow' required for rapid removal of all 
their contents without silting up the invert. 

In this respect more than half a century's experience of the 
Bombay drainage system is very educative and valuable for the 
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proposed new drainage . scheme of Bombay as well as for any 
other to be undertaken in India. 

As it has already been pointed out most of the existing sewers 
and storm water drains of Bombay are being continuously silted 
up as the velocities arc insufficient for the rapid removal of the 
amount of solids usually contained in the sewage and storm water 
of Bombay. In the majority of cases the velocities of flow as 
obtained by measurements of the actual flow rarely exceeded 2 ft. 
per sec., even in the most favourable conditions of flow and were 
usually much below this figure in more or less normal conditions 
of their flow. In certain cases they reached even the ridiculously 
low figure of only 8 or 9 inches per sec. 

The velocities obtained by actual measurements after being 
verified by the hydraulic formulae proved that with the inverts 
constructed some higher velocities should l>c obtained than those 4 
actually measured and on no account so low as was the case. 
Such differences between the theoretical velocities and .those obtain¬ 
ed by actual measurement are explained by the fact of heavy 
silting of the inverts, thus to a considerable extent reducing the 
rates of their inclination and consequently reducing velocities of 
the flow, as well. Moreover it liecomes evident that the velocities 
for which these drains were originally designed and constructed, 
are nothing like sufficient for the conditions pertaining to Bombay 
sewage, which ns a rule contains abnormally large quantities of 
heavy solids and requires much higher velocities if n self-cleansing 
effect is desired. 

In consideration of all these facts Mr. Watson suggested 
higher velocities saying that he is “ satisfied that the velocities *of 
flow should be at least 31 ft. |>er sec..”, that the “ Rutter’s formula 
should he used” mid that the co-efficient, of roughness (n) should Is? 
taken at 0.015. Therefore in all calculations of the flow in sewers 
and storm water drains the co efficient of roughness lias lieen 
accepted for 

Stoneware pipes above 15* diam. ... n=0.013. 

,, ,, below 15* diam. ... n=0.010 to 0.011. 

Cement plaster ... ... n-0.015. 

COMPOSITION OF THE SEWAGE. 

For the pnrpose of deciding the methods of sewage treatment, 
if any, to be adopted, and for many other purposes the composition 
of the sewage has to be considered. 

The difference in the composition of the sewage at different 
places may lie as great as that between milk and writing ink, thus 
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involving » special consideration in regard to its strength. This 
Is specially important when some kind of sewage treatment is 
required before the resultant effluent is discharged into the waters 
of a stream as is the case in Bombay. For the purpose of 
expressing relative strength of different sewages various alterna¬ 
tive standards of the composition have been suggested and the one 
adopted by the Ministry of Health of England has been accepted 
as sufficient guide in determining the strength of the sewage. 

The Ministry of Health characterise the strength of the sewage 
by the quantity of oxygen absorbed from strong ]M*ritiuugniiute in 
4 hours at H0° Fah. 

Thus Strong sewage absorbs 17 to 25 parts per 100,000 
Average „ „ 10 to 12 „ „ „ 

• Weak ,, 7 to 8 ,, ,« ,, 

At the same time the composition of au average sewage in 
England os given in the report of the River Pollution OoiuitiisMion 
is as follows : — 


Parts per 100.000. 


Solids in hitis]tension ... ... 4-1 .GO 

Total solids ... ... ... 110.00 

Oxygen absorbed ... ... ... 11.00 

Free ammonia ... ... 6.70 

Albnininoid ammonia* ... ' ... 0.G3 


• The jttirticula-rs given lielow show an analysis of the typical 
sewage of Bombay. 


Solids in susfiension 

• • • 

Parts i»er 100,000 
... 41.00 

Total solids 

« • » 

... 249.20 

Oxygen absorbed ... 

• • • 

0.28 

Free ammonia 


3.07 

Albuminoid ammonia* 


0.77 


From the comparison of figures of oxygen atisorbcd it will be 
seen that the Bombay sewage may be regarded as a weak sewage. 

As it would lie natural to expect, the habits of the people 
influence the character of the sewage they produce. Sewage in 
India contains less offensive nitrogenous matter than sewage in 


•Ertinmtad by ttklar 2/7 of tbo ore ante oitrosoa. 
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Europe, due ]>erliapH to the vegetarian diet of the jHiople, and there 
is loss grease and less urine in Indian sewage. 

Prom the comparison of the quantities of solids it will lie 
noticed that Bombay sewage contains more than double the 
quantity of solids usually found in the sewage in Europe. 

This can easily be explained if we recollect that a number of 
the storm water drains all over the city and particularly open 
drains arc connected with the sewers, thus delivering Into the 
sewers together with rain water, sullage and sewage proper, very 
large quantities of grit, metal and road sweepings. Besides the 
habit of the people in India to use' sand for cleaning their brass 
kitchen utensils is also in a great measure responsible for such 
large quantities of sand being found usually in the sewage of this 
country. 

PROPOSED PLACE AND METHOD OP SEWAGE DISPOSAL. 

From the previous statements it will he seen that the total 
daily quantity of sewage to Is* dealt with from the expected 
population of u-IkhiI 2.000,000 persons and at the rate of 50 gals, 
per bead per day of the sewage dry weather flow can lie estimated 
at not less than 100,000,000 gals, per day of D. W. P. or four times 
that amount, i.e., 100,000,000 gals, per day under monsoon 

conditions. 

The necessity for the disposal of sncli an enormous volume of 
sewage leads to the question as to how and where it ean best be 
arranged. 

The presence or an already existing sewage outfall .at 
Lovegrove naturally leads to the question whether this outfall can 
be utilised and if so what method of sewage disposal should be 
adopted, if any. 

From the consideration of the whole ease already stated about 
the existing Lovegrove outfall it is evident, that tlie discharge of 
more than a double quantity of crude sewage into the sea will lead 
to the imminent and entire pollution of the whole west«vn foreshore 
and moreover will be absolutely criminal, being detrimental to the 
health of the population residing in its vicinity. 

The great developments and improvements that have already 
taken place in this part of the Island and those possible in the 
future will transform this locality into one of the most desirable 
and salubrious residential areas of tlie city, thus making the 
presence of even the existing outfall, not to speak of any increased 
discharge or any purification works in this locality with their 
usual nuisance, most objectionable. Moreover there is not available 
a sufficiently large area in the vicinity of the Pumping Station, 
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unless at prohibitive cost, for purification works as will be 
required if preliminary treatment of the whole city’s sewage before 
its discharge into the sea is to be adopted. 

Further extension of the existing outfall into deep sea waters, 
besides the prohibitive cost, in no case may be considered as a 
sufficient measure to eliminate the nuisance caused by the sewage 
discharged into the sea even with the present comparatively siiiull 
volume of sewage daily discharged there. Therefore the question 
of utilising Lovegrove outfall for the augmented sewage* discharge 
cannot in any case be accepted as an adequate solution of the 
drainage problem. 

Assuming even that there will be no objections whatever on 
the practical grounds there are objections on sentimental grounds 
and they will remain so long as any sewage works uiul outfall 
•remain at Lovegrove. No matter on wlial grounds these objections 
are raised as long as they exist and are expressed in rujieeK lost by 
the Improvement Trust oil the development schemes at. Worli for 
lack of land buyers, there is ample reason to remove the existing 
sewage outfall at Lovegrove without taking into consideration 
any further extension of sewage works there. 

Colaba is the most suitable place for the discharge of sewage 
into the sea. Although this outfall has been recommended on 
several occasions by competent authorities, it. could not be 
accepted due to the constant objections raised by the Military 
authorities and the Government's refusal to grant permission to 
this scheme. # 

The selection of the t’olaba outfall, if such a scheme can lie 
adopted, will not be feasible in the present conditions of an 
expanded City in general and a thickly populated Colaba peninsula 
in particular. The position of such an outfall situated at the most 
southern extremity of the Island will present permanently any 
possible extension further North of the system it serves, as may 
arise at no distant date in connection with the necessity to 
dispose of the sewage from such suburbs as Bandru, Ghatkoper, 
Santa Cruz, Kurla and Chembur. 

There would also be no opportunity at Colaba to provide a 
sufficiently large and isolated urea for any purification works 
required for such a large volume of sewage to be treated before its 
discharge into the sea. 

Therefore only crude sewage can be discharged there and 
although sewage might go away rapidly and wonld not easily be 
returned to the shore owing to the favourable currents prevailing 
in the sea at that place, the foreshore and the sea would not be 
free from the solids floating on the water and deposited on the 
shore. 


b so 
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But the most important point to be considered is, if Colaba is 
selected as a place for the whole City’s sewage outfall, a large 
amount of money will have to be spent in lifting and relaying in 
another direction all the existing sewers at present gravitating to 
Lovegrove. The complete occupation of the whole of the eastern 
foreshore of the Island by the sea borne trade and shipping industry 
with their numberless docks, warehouses, railway lines, oil 
storage tanks, workshops etc., etc., does not on any account 
permit the possibility of providing sewage outfalls in this locality. 

The northern part of the Island with its small and shallow' 
Mahim Bay in uny case cannot be regarded as a suitable place for 
the sewage outfall even with a small discharge into it. 

The most careful considerations of the problem as a whole and 
of all the circumstances taken together led Mr. Mackison to 
suggest as the best, and in fact the only available place for the 
sewage disposal, a site on the North Eastern side of the Island with 
the Pumping Station and all relative purification works at An top 
Hill with a sewage outfall towards Trombay for the discharge of 
the clarified effluent into the harbour water. The selection of 
Antop Hill for the Pumping station and the North East of the 
Island for the discharge of the sewage effluent into the harbour 
has been influenced by the desire to eliminate to a maximum degree 
any potential nuisance that might arise from any sewage works 
and by the possibility, in this case only, of disposing of the whole of 
Bombay sewage in a most satisfactory and economical manner 
without causing any injury to the amenities of the city and its 
harbour. 

Writing on this proposal in his first report Mr. Watson says 
that: ‘‘taking all things into account I am satisfied by the facts that 
the sewage is taken right away from the Island of Bombay 99 and 
that “ on examining the problem as a whole I am convinced that it 
is justified and that it will form a permanent solution of the 
question.” 

The position of sewage works at Antop Hill has an advantage 
in addition to many others, of being the most convenient place for 
any sewage treatment that may be required before the sewage is 
discharged into the sea. Far away from the populous districts of 
the City with ample land available for any size of purification 
works and with t he * direction of prevailing winds from land 
towards the harbour, the selection of this place gives ample 
justification and any nuisance that can reasonably be expected will 
be the smallest at this site. 

The dlscharjge of sewage effluent into the deep harbour waters 
with their strong tidal currents towards open sea gives full 
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assurance that the proposed volume of sewage effluent discharged 
here will be rapidly diffused in the enormous volume of the harbour 
water refreshed to some extent at every flowing tide. 

At the same time any possible expansion of the City's popula¬ 
tion in future even beyond the proposed rate and the necessity of 
providing an outfall for the sewage to lie received from the sub¬ 
urbs such as Bandra. Santa Crus, Eurla, Ohatkopcr Chembur and 
others can easily be met at the place of the proposed works at 
Antop Hill, being most central to all these suburbs with vast 
possibilities for its further extension. 

Moreover being sufficiently near to Deonnr, where large 
areas of low lying grounds are being at present reclaimed by the 
Municipality with the City's refuse, the purification works at. 
Antop Ilill will be provided with nn easy means of disposal of the 
•\\hole amount of the sludge they produce by utilising it as a liquid 
fertiliser on the Municipal Farm at Deonar. Tu this case, the re¬ 
sultant sludgp may be pumped from Antop Tlill and delivered 
through the pipes to Deonar. 

TREATMENT OF THE SEWAGE BEFORE ITS DISCHARGE. 

These are the chief reasons that lead Mr. Mackison to sng- 
gest this place on the Island for the disposal of the whole of the 
City's sewage. As the proposed disposal of such a large volume of 
sewage by discharging it into the harbour requires some kind of 
sewage treatment before its discharge the method to be adopted for 
it has to lie considered. * 

“It would lie ideal to render all the sewage of Bombay inno¬ 
cuous and to make it like clean water in appearance before it was 
allowed to enter the sea, but such ideas arc not practicable when 
dealing with a population of millions. Tt should lie clearly 
understood that treatment must be made sufficient and only suffi¬ 
cient to warrant the sewage being discharged into an immense 
harbour like Bombay” says Mr. Watson. 

The most careful considerations >of nil the conditions connect¬ 
ed with the sewage discharge into the harbour and all possible 
methods for its treatment led Mr. Mackison and Mr. Watson to 
the conclusion that the separation as far ns possible of the sus¬ 
pended solids contained in crude sewage by means of screens and 
upward flow sedimentation tanks, before allowing the sewage 
liquor to be discharged into the barbour waters, will produce an 
effluent sufficiently innocuous as not to CAuse any pollution of the 
harbour water. 

Such effluent being discharged into the harbour at all states 
of the tide will be easily diffused in the large volumes of clean 
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tidal waters flowing to and out of the harbour and ultimately will 
be transported by the existing currents far away into the open 
sea. 

Professor W. E. Adeney in his first report on the proposed 
sewage disposal by dilution states that 4< tlie minimum dilution 
which would be afforded by the waters of the harbour is over 2,060 
volumes or roughly ten times the minimum dilution volumes re¬ 
commended by the Royal Commission of sew'age disposal in Eng¬ 
land for tidal waters.” 

Besides the effluent obtained after such treatment as propos¬ 
ed should not contain more than 8 or 9 parts per 100,000 of light, 
and finally divided solid matter in suspension, i.r.. in fact there 
will 1 m.* no more solid matter in the effluent than there is in the 
average water supplied in Bombay. 

The effluent clarified to such an extent as proposed being* 
amply diluted in clean harbour water wi'.l readily undergo its 
natural biological purificative process produced by the action of 
myriads of minute organisms always present in such water and 
collectively termed the “planeton” of the walers. 

In conditions like these the quantity of dissolved oxygen con¬ 
tained in the sea waters will Imj always in excess of the sewage, 
which is the most essential factor for the continued and healthy 
activities of the planet on organisms, i.c., for the rapid destruction 
of the putreseiblo organic constituents of the sewage matter, and 
their conversion info harmless, inorganic matter says Prof. 
Adeney. 

The resultant sludge collected in the sedimentation tanks at 
Antop TTill will be pumped to Deonar where the whole of the city 
refuse is now being deposited on the low lying lands and it will 
then he dug into the reclaimed land and mixed with the kntchra. 
thus prodtieing good arable land for cultivation purposes. 

At present only part of this land has been utilised being culti¬ 
vated with success under different crops such as Indian corn, 
brinjal. poprie and jowari. 

The length of the sludge main, probably a 12 ineb east iron 
pipe, will be about 5 miles and the quantity of sludge to be con¬ 
veyed doily will be about 250,000 gals, per million of population. 

GENERAL OUTLftfE OF THE PROPOSED SCHEME. 

The works at Antop Hill will comprise a Pumping Station for 
lifting sewage to the level required and of a series of specially de¬ 
signed upward flow sedimentation tanks with screens, detritus 
tanks and other relative works. The average lift of sewage will 
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be about 30 ft. The total area of laud required for the work at 
Autop Hill will be about 100 acres which will lie ample to accom¬ 
modate all the plant it is proposed to instal there. 

The pumping plant will be divided iuto four batteries each 
capable of dealing with the dry weather flow. Each battery will 
consist of three pumping sets to lift about 34 million gallon* each 
per day. The power required will be about 300 B. 11. I*, for each 
pumping set and the pumps will be electrically actuated. 

With regard to the sewerage system itself designed to con¬ 
vey sewage from various parts of the city it is proposed in conti¬ 
nuation of the existing two main sewers at present gravitating 
to Lovegrove to lay a new main intercepting sewer with a capa¬ 
city at their junction udequatc to pick up the volume of sewage 
# equal to twice the dry weather flow of the sewage to be received 
ftoin the central part of the city with au ami of about -1.330 
acres. 

Any quantity of sewage in excess of that received under mon¬ 
soon conditions will be diverted to the existing Lovegrove Pump 
ing Station and there will be pumped through the existing out¬ 
fall into tiie sea. 

This new main intercepting sewer commencing at Lovegrove 
will run northwards along Tills! Pipe Line Hoad to a point be¬ 
tween I>ailar and Mutunga and then turn eastwards to WadaJa 
and Autop Hill. The sewage from the whole of the western and 
northern districts of the City including Woiii, Maliim, Dharavi. 
Sion, Matuuga and Padar will flow by gravitation to this main 
intercepting sewer. A second main intercepting sewer will be 
laid of sufficient size to receive sewage from eastern part of Ibc 
city including the Harbour, Bark Bay Hcclamafion and Colaba 
as far north as Church Gate Street. This sewer commencing at 
Wellington Fountain will run along Frere Hoad and Keay Roarl 
thence approximately parallel to the Harbour branch railway 
along proposed new roads, joining the western intercepting sewer 
near Wadala. 

With the construction of Ibis main intercepting sewer the 
necessity for the existing Rhone ejectors system in that part of 
the city with its costly Air Compressor Station at Lovegrove. 
troublesome ejectors and leaky air and short lived rising mains 
will he entirely eliminated. 

The present Rhone ejector system at Colaba is not in the 
meantime to be disturbed but the policy of gradually substituting 
it for gravitation sewers is recommended ; it is proposed to gravi¬ 
tate ail sewage from Colaba to one pump well near Wellington 
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Fountain when it will be lifted by electrically actuated pumps 
into the southern end of the eastern main intercepting sewer. 

These are the main features of the proposed new main sewer¬ 
age schemes. 

As regards the proposed new main storm water drainage 
scheme it must be pointed out that the main feature of this scheme 
is a proposal to gravitate the storm water to one central place at 
Lovegrove to which place the Worli-Dadar channel and that from 
Haines Road are to be diverted and to pump it into the sea at the 
time of high tides. At the time of low tides storm water will 
flow in to the sea by gravitation or may be syphoned. Such 
arrangements will permit of the discharge of storm water into the 
sea at any state of the tide thus minimising the possibility of flood¬ 
ing in the city otherwise unavoidable in the present conditions of. 
discharge by gravitation through the sluice gates at the tim'e 
of low tides only. 

• 

A new Pumping Station will be erected on the foreshore at 
Lovegrove for the lift of storm water that has to be discharged 
at the time of high tides. The total area that will be drained to 
Lovegrove is about 3,800 acres with a maximum possible discharge 
at. Lovegrove of about 2,700 eft. per sec. or 1,458,000,000 gals I so¬ 
da.v. For the lifting of this volume of storm water there will be 
n pumping installation with electrically actuated centrifugal 
pumps of about 3,000 B. H. P. The maximum lift will be 12 ft. 
as against high water extraordinary spring tides with sea level 
at 88.42 ft. ubove T. H. D. The normal lift for the maximum dis¬ 
charge will lw». about 5.5 ft. 

All the existing main o|k*ii drains an* to l»c* reconstructed, re¬ 
graded and covered in. Part of the existing open drain between 
Elphinstone Road and Worli outlet at (’lovelorn! Bunder will lie 
abandoned and a new covered concrete double barrelled storm 
water drain running from Elphinstone Road along Tulsi Pipe 
Line Road direct to Lovegrove will be substituted. 

On its route to Lovegrove at the crossing with Haines Road 
this drain will intercept the discharge from the drain running 
along Haines Road from Jacob Circle and Anally will join at Love¬ 
grove another drain coming from Bellasis Road. 

The total cost of both proposed schemes is about Rs. 3,00,00.000 
as it was roughly estimated at that time. The most careful con¬ 
sideration of all these proposals led Mr. Watson to give his entire 
approval to them. ' “Speaking generally, I can and do support 
(he scheme which your Execntive Engineer had laid before the 
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Municipality. It is in my judgment a broad-minded and far- 
lighted scheme wliich represent permanency/’ says Mr. Watson 
at the conclusion of his report. 

At the same time Mr. Clayton, Municipal Commissioner when 
submitting these proposals, together with Mr. Watson's report, 
on it, for the approval of the Municipal Corporation, at the end 
of his report says:— 

‘‘The Corporation are, I think, greatly indebted to the Gov¬ 
ernment of Bombay, and the India Office for assisting in securing 
on their behalf the services of so eminent, an Engineer as Mr. 
Watson of Birmingham and one possessing such unique and world 
wide practical experience in the design and construct ion of large 
sewage disposal works, to advise them with regard to the Bom liny 
scheme and it is very gratifying to have liis unqualified approval 
• Qf the proposals and to be assured that the scheme os designed 
will, if given effect to, result in a successful and permanent solu¬ 
tion of the Bombay sewerage and drainage problems.’' 

FATE OF THE SCHEME. 

It seems to be that so broad-minded and far-sighted a scheme, 
as Mr. Watson rightly calls it, ought to lie the closing chapter in 
the history of the Bombay drainage problem at least for many 
years to come, so fully does it embrace all tin* needs not only of 
to-day, but also of a distant future. 

But it is not so and the wheel of history is still turning leav¬ 
ing the drainage problem of Bombay unsolved and a large part of 
the City without the much needed drainage. 

In view of the proposal to discharge sewage effluent into the 
harbour and the magnitude of the scheme, the Corporation con¬ 
sidered it necessary to obtain further expert, opinion so, as to be 
thoroughly satisfied that the present proposals represent, more or 
less a permanent solution of all the present difficulties and will 
cause no serious pollution to the waters of the Harliour and any 
nuisance to the population of the eastern shore of the Island. 

Accordingly in 1021 the services were secured of two eminent 
scientists one of them being Dr. W. E. Adeney D.Rc., Professor 
of Chemistry, who is the foremost bio-chemist in England at pre¬ 
sent and has had great experience in the effects of the discharge 
of sewage into the sea. the other being Mr. O. B. Kershaw, 
who for 12 years has been engaged as engineer of the Royal Com¬ 
mission on sewage disposal in England. 

At the same time the Chief Engineer of the Bombay Port 
Trust submitted his critical report on the proposal to discharge 
sewage effluent into the harbour and the Trustees of the Pori 



1(10 THE INSTITUTION OF ENG1NEEKS (INDIA). 

Trust being vitally interested in the future prospects of the har¬ 
bour and its amenities and not satisfied with the proposed scheme, 
hud arranged to obtain opinions from two experts to be nominat¬ 
ed by the President of the Institution of Civil Engineers. In 
response to this request Sir Maurice Fits Maurice and Mr. G. W. 
Humphrey were nominated. 

The Municipal exjierts and the Port Trust, exerts in submit¬ 
ting their respective reports on the points raised differed in their 
opinions as to the feasibility of discharging the effluent into the 
harbour in the volume proposed, the Port Trust experts opinion 
being against it. Hut the Municipal experts fully concurred 
with all Mr. Watson’s recommendations and only slightly 
modified them by the suggestion to discharge effluent into the har¬ 
bour at Kurla Creek, i.r. f much nearer to the proposed works at 
Antop Hill. 

They considered this place as the most suitable with regard 
to the possibility of obtaining there more intensified effect of the 
natural biological process required for the complete and rapid 
purification of the effluent discharged. In their report submitted 
to the Corporation in 1022 they state: “we may say at once that 

flic observations, chemical and physical which we have made 
during our visit to Bombay have gone to confirm the soundness of 
the view which we have already expressed in our report.” 

At the recommendation of the Drainage Committee of the 
Corporation based on the reports of all the experts and confer¬ 
ences they had with them and the Port Trust Executives the whole 
original scheme, but with the altered place of discharge into 
Kurla Creek, was sanctioned by the Corporation in 1023. 

When the Corporation requested Government to accord their 
sanction to the proposed discharge of sewage effluent into tin* 
harbour. Government replied that owing to the existing contro¬ 
versy, before giving the necessary legal sanction, they had decided 
to obtain the advice of the best possible independent experts to be 
selected by the President of the Institution of Civil Engineers. 
Hut the President of the. Institution in his reply to Government 
stated, that in view of the fact that the experts already consulted 
were of such eminence, he was unable to suggest any other. 

However at the end of 1923 the Government informed the Cor¬ 
poration that while they would keep a perfectly open mind on the 
main question whether the sewage of the city should How into the 
harbour or to the open sea on the west shore of the Island they 
could not agree to. any discharge of the effluent into Kurla Creek 
and that it was impossible for them to sanction this scheme in its 
present shape. 
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This uncertain state of affairs remained up to the middle of 
1924 when a compromised scheme was suggested. Influenced by loa4 - 
the circumstances Mr. Watson, when he was in Bombay in 1921, 
prepared a new scheme and submitted his second report together 
with preliminary estimates of the cost. Mr. Watson divides this 
scheme into three separate systems—southern, central and north¬ 
ern. In the case of the southern or Colaba district, as far as 
Church Gate Street he proposes to eliminate the existing Shone 
system by a new main intercepting sewer designed for a maximum 
flow of 48,000,000 gals under monsoon conditions or 12,000,000 
gals, of D. W. F. For the lift of this sewage to a. height, of 25 ft. 
there will be erected a Pumping Station with a plant of 500 B. 11. 

P. He proposes to eonstruet there a, tank sewer outfall, capable 
of impounding a volume equal to 2/2 of the daily dry weather 
flow of sewage. The crude sewage will be. discharged into the sea 
’{ft the distance of 5,000 ft. from the shore at a point, near Prongs 
Light House and the periods of discharge will be restricted to 
four hours during the ebb tide only. 

For the disposal of the sewage to be received from the, central 
parts of the city he proposes to retain the present Lovegrove out¬ 
fall with the existing Pumping Station and to construct then* a 
covered impounding reservoir with a capacity of 2/2 of the dally 
dry weather flow', for the storage of crude sewage and to discharge* 
it into the sea at the time of the most favourable currents. Tlie 
total discharge of sewage proposed at Lovegrove outfall would l>e 
about 29,000,000 gals of D. W. F. per day or 158,000,000 gals ]>er 
day under monsoon conditions. The existing pumping plant at. 
Lovegrove w'ill be supplemented by the addition of a pumping set 
of 200 B. If. I*, and the outfall with two additional Oft. dia. 
barrels for a length of 2,000 ft. 

The northern part, of the city at present undrained and com¬ 
prising Parel, part of Worli, the whole of Mahim, Dadar, Matunga, 
Dharavi, Wadala and Sion districts w’ill gravitate their sewage to 
Antop Hill. For flu* sewerage of these districts Mr. Watson pro¬ 
poses to construct a main intercepting sewer commencing it from 
Ferguson Road and running it along Tulsi Pipe Line Road to a 
point lietweeii Dadar and Matunga where it turns eastwards to 
Antop Hill. 

This main sewer will intercept discharge from the existing 
ejectors at Arthur Road, Delisle Road and Parel Road and the 
whole sewage from Worli, part, of Mahim and Dadar districts 
brought by separate branch sewers. At Matunga, It will meet 
another intercepting sewer from the north of the Mahim and 
Dharavi districts. On its route from Matunga to Antop Hill it 
will intercept one sewer from Wadala and Sion and one from the 

» ax 



THIS INSTITUTION OF KNOINKEHS (INDIA). 


102 


Eastern part of tlie Island at present dealt with on the Shone 
ejector system. The main intercepting sewer is of a design suffi¬ 
cient for a flow of ISM,000,000 gals of sewage per day under mon¬ 
soon conditions or 48,500,000 gals, per day of D.W.F. which volume 
will he ultimately delivered to Antop Hill. The volume of 
sewage to he gravitated to Antop Pumping Station for the iirst 
few years is expected to he approximately equal to 8,000,000 gals 
per day of dry weather flow, or four times that volume under 
monsoon conditions. 


In tlie meantime a Pumping Station with a plant, of 400 
It.lI.P for the lift of sewage to a height of 20 ft. will he erected at 
Antop 11iII, The whole of the sewage before its discharge into 
KurJa Creek will lie treated at Antop Hill hy the activated sludge 
process, the resultant effluent, being purified thereby to such an 
extent, that no reasonable person in the world eouhl object, to its 
discharge into any stream. It. will contain not more Ilian .*{ parts 
of suspended solids per 100,000 parts. The resulting sludge will 
contain more than fl.OOO tons of dry material per annum and the 
volume of the liquid will be about 200,000 gals per day. 


This activali^l sludge will be pumped to the lands at Hcotuir 
through a 12 inch diaiu. east iron pi|s> and utilized as a liquid 
fertiliser for the irrigation of the .Municipal Farm there. Aliy 
excess of sludge over the required quantity for the Municipal 
Farm at Heonar can be sold to cultivators in the form of dry 
powder. The liianurial value of this sludge whether if is used as 
liquid or as pow'dcr is without doubt. Sir .John Kiisscll tlie 
Principal of the Hovcrnincni experimental Agriculture station at 
Knthaiustcd valued at i Us. 521 per ton I lit* dried sludge while l>r. 
Fowler of Ihtugalore valued it at Us. 00 per ton. 


These arc the main features of this com promised scheme. 

The total cost of this scheme according to (he preliminary 
estimates submitted by Mr. Watson will be Ks. 2,07.112,201 and is 
subdivided as follows : — 


Cola ha Outfall ... ... Us. 10,25,227 

Lovegrove ... ... Ks. 47,24,212 

Antop Hill . ... ... Ks. 1,20,22,702 

Although any increase in the volume of sewage discharged at 
Lovegrove must he regarded ns objectionable, persistent sugges¬ 
tions made by ccrfaiu persons induced Mr. Watson along with his 
present, proposal to submit also an alternative for tlie drainage of 
the north of the Island w'itli a discharge into tlie sea at Lovegrove. 
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The estimate lieing higher than in the case of the Antop Hill 
Scheme thin proposal on (he ground of cost was not accepted by 
the Corporation. 

After a great deal of consideration and discussion this com- JHa5< 
promised scheme was accept«»d by the Trustees of the Port Trust 
aud having been sandioned l>y tin* Corporation was forwarded to 
Oovorninciit in 102o for their approval. 

In 1U20 sanction of the Oovcriiincnt to the discharge of crude Hrjo. 
sewage at Colnbu, purified sewage diluent at Kurla Crt*ek and 
sludge at Dconar was accorded. 

With this comes to an end (lie present history of Bombay 
drainage problem, but noi the end of the long lasting controversy. 

As a matter of fact by deciding on a compromised scheme result¬ 
ing in the retention of (lie present Lovcgrovc outfall the main 

drainage problem as a- whole remains unsolved. 

• 

Mr. II. B. Clayton, the Municipal Commissioner in his report 
to the Corporation commenting 011 Mr. Watson’s last proposals 
states :— 

“Tin fact that in bis proposals :t separate outfalls art! 
Ktiggestci may, 1 think, be dac to (la* fact that I have pointed out 
to him (lie liiinncial necessity for cutting down capital expendi¬ 
ture within tin* next few years to a minimum. He must not 
however be understood in any way to withdraw his former propo¬ 
sals,” and further, ‘*1 am inclined to believe that the time will 
cyme when public opinion will insist on the provision of an 
alternative scheme for the disposal of Lovegrove sewage even 
though the niiisauee resulting therefrom may be practically non* 
existing.” 



BOMBAY MAIN SEWERAGE SCHEME, (1919). 

Drainage A r ea. 
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RAINFALL IN INCHES 

Data by the Government Observatory, Colaba, BOMBAY. 


YEAR. 

Total 

Rainfall. 

Maximum 
fall In ona 
day. 

Maximum 
fall In ona 
hour. 

No. of fays No. of days 
on whloh i onwhleh. 
ovar 4 to 8 over 8 ins 
ina. fall. : «s a l. 

! 

1889 

■ . « 

67*84 

4*04 

1*1 8 

1 

• ». 

1890 

• • • 

65*18 

4*61 

1*29 

1 

... 

1891 


77*18 

5*82 

1*69 

* 

... 

1892 

• •• 

95*12 

5*43 

1*86 

* 


1893 

• • * 

67*24 

4*97 

1*50 

1 


1894 

• • a 

66*85 

4*77 

1*60 

1 

• • • 

1898 

* ■ • 

67*59 

6*82 

1*42 

3 

• • • 

1896 

• • • 

87*65 

6*2 1 

2*1 0 

1 

■ a • 

1897 

.. . 

81*53 

4*92 

1*86 

3 


1898 

• « * 

* 74*09 

5-1 3 

1*60 

6 

» • a 

1899 

• • • 

36*90 

6*58 

2*34 

1 


1900 

• • • 

69*12 

8*04 

1*53 

3 

* 1 

1901 

• • • 

75*32 

6*56 

2*89 

2 


1902 

• •• 

71*97 

6*74 

1*36 

2 

...* 

1903 


84*49 

6*03 

1*68 

1 

a * a 

1904 


33*42 

3*33 

1*20 

. 

* • • 

1905 

• • ■ 

33*66 

4*00 

2*1 1 

1 

a • a 

1906 


66*30 

4*89 

1*35 

2 


1907 

. . 

100*78 

8*84 

2*9 1 

7 

1 

1908 


53*54 

4*30 

1* 1 1 

2 

, , 

1909 

. . . 

71*22 

4*07 

1*58 

1 


1910 

... 

67*86 

8*14 

2*69 

2 

1 

1911 

. . 

46*51 

4*78 

* 2*68 

3 

a . a 

1912 


64*05 

7*86 

2*33 

3 

• « • 

1913 

• • 

70*96 

6*50 

2*28 

4 

• a a 

1914 

# a » 

81*62 

6*26 

1*66 

3 

a * . 

1915 

* • • 

77*68 

11*41 

.1*85 

3 

2 

1916 

-• 

86*06 

7*60 

1*64 

3 

... 

1917 

• • • 

99*76 

5*96 

1*65 

4 


1918 

... 

35*54 

4*98 

. . . 

2 

... 

1919 

... 

88*32 

8*74 

... 

2 

1 

AVERAGE 


71*75 

6*04 

1*76 

»•* 

Or 


l)OI)D DODD & WATSON. 

M/S. M. M. INST., C. E. 

Birmingham. 
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REMARKS.-For smollor lit* sowers up to 24" i no lowor figures than thoao off column 2 (100 Density) should bo used 
allowing the sowers to run half full, or ovon the figures off the third column oon bo tokon as minimum, 
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TABLE No. II. SHOWING SIZES OF SEWERS REQUIRED FOR VARIOUS 
NUMBER OF POPULATION OF THE AREAS SERVED. 

Assumed Flow of Sew tge Is 200 Gallons Per Head Per Day of the Popula- 
* ion Velocities of Flow in Sewers Vary Between 
3 ft. Per Sec. and 3'5 ft. Per Sec, 

Circular Sewers. 





Population Served. 

Slae. 

Q at 

V- 3*6 ft. 

Q at 

V 3 ft. 

V 3*6 ft. 

V 3 ft. 

2*6" 

17*23 

14*73 

46.000 

40,000 

2’»” 

18*8 

17*8 

61.000 

48,000 

3* 

24-7 

21*2 

67,000 

67,000 

3*3" 

29*0 

24*9 

77,800 

67,000 

3*6" 

33.6 

28*8 

90.000 

78,000 

3*9" 

38'6 

33*0 

104,000 

98,000 

A* 

44 2 

37*8 

120.000 

102,000 

4*3” 

49*7 


i 

i 

134,000 

• 

• • • • • 

4*8" 

86*7 


160,000 

. 

4*9" 

61*9 

. 

167,000 


S* 

68*6 


186.000 

. 

0*3" 

76*6 


204,000 

• • • • * 

6*6** 

83*6 


226,000 


8*9” 

91*1 

. 

246,000 

...... 

6* 

99*1 

8 “ * ° “ n 

267,000 


*6*3" 

107*6 

. 

290,000 


e’s** 

116*2 


314,000 

..... 

6*9" 

126*2 


388,000 


7* 

134*7 


364,000 


7*3" 

144*6 

. 

‘ 390,000 

. 

7*6** 

164*6 


417,000 

... . . 

7*9" 

166*2 

. 

446,000 


8* 

176*0 

6 

447,000 


Q»3»* 

187*2 


606,000 

•. • 

8*e** ; 

198*6 


636,000 


8*9" 

210*5 


667,000 

• • •• • 

9* 

222*6 

• •• • • 

600,000 


9*3" 

236*0 


636,000 


9*8** 

248*0 


670,000 j 


9*9** 

261*6 


706,000 I 

•so. b 

io # 

1 

176*0 


742,000 

! 
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TABLE No. III. SHOWING SIZEB OF SEWERS REQUIRED FOR VARIOUS 
NUMBER OF POPULATION OF THE AREAS SERVED. 

Assumed Flow of Sewage is 200 Gallons Per Head Per Day of the Popula¬ 
tion. Velocity of Flow in Sewers 3 ft. Per Sec. 

Horse Shoe Sewers. 


Heigh*. 

Q at 

V-3*5 ft. 

Population Served 


pep see. 


io* 

1 

320 

810.000 

10*3" 

336 

910,000 

10*6** 

362 

960,000 

to*®” 

370 

1,000,000 

11* 

387 

1,046,000 

ira** 

406 

1,090,000 

11*6" 

420 

i 

1,136,000 

irs M 

1 

440 

1,186,000 

12* 

460 

1,240,000 

12*3** 

4BO 

1,296,000 

12*6" 

600 

i 

1,360,000 

12*9** 

620 

1,406,000 

13* 

640 

• 

1,460,000 

13*3** 

660 

1,610,000 

13*S* : 

' 

681 

1,670,000 

la'#" 

603 

I 

1,630,000 

is 1 

627 

1,696,000 

H'3" 

* 660 

1,766,000 

14*6 M 

673 

1,620,000 

14*9” 

N 

6 

6 

1.880,000 

IS* 

720 

1,960,000 
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TABLE NO. II 8HOWINQ GRADIENTS TO BE PROVIDED FOR 
OBTAINING REQUIRED VELOCITIES IN VARIOUS SIZE SEWERS. 

Desirable Velocity Is 3'5 ft. per second. 

Circular Sewers Concrete. 


Velocity as per Kutter's Formula, n = 0 015. 


Sixe. | 

Ares. 

h. m. r>. 

Gradient. 

V. 

when 

f 

V. 

when 

1 

1 



! 

full. 

j 1/3 full. 

1 

A' 3'* 

14-20 

1*06 

1 1 

! 1-860 

3*6 

2*9 

*•-••• 

16*9 

1-13 

1-900 

3*6 

3*0 

4*- 9" 

ITT 

1*19 

1-960 

3*6 

3-0 

6'- O’* 

19-6 

1*26 

1-1000 

3-6 

3*0 

S’- 3" 

21*6 ' 

1*31 

1-1100 

3*6 

3*0 

■ 




3*6 


6*- 6" 

23-8 

1*38 

1-1200 

3*0 

6‘- 9" 

26-0 

1*44 

1-1300 , 

3*6 

2*9 

e* 

283 

1*60 

1 

1-1400 

3*6 

2*9 

6 * -3“ 

30 7 

1*66 

1-1600 

3*6 

2*9 

6*- 6” 

33-2 

1.63 

1-1600 

3*6 

2*9 

S’—S’* 

366 

1-69 

1-1600 

3*0 

3*0 

T* 

3B'5 

1*76 

1-1700 

3*5 

2*9 

7‘— 3” 

41 3 

1*81 

1-1600 

3*6 

2*9 

T -6" 

44-2 

1-88 

1-1800 

3*6 

3*0 

7*- •’* 

47-2 

1-94 

1-1900 

3*6 

2*9 

8 * 

60-3 

2.00 

1-2000 

3*5 

2*9 

e*~ 3" 

63-6 

2*06 ! 

1 -2000 

3*6 

3*0 

8* — 6” 

66-7 

2*13 

1-2100 

3*6 

2*9 

B* — 9" 

60-1 

2*19 

1 >2200 

3*6 

2*9 

9* 

63-6 

2*26 

1-2200 

3*6 

3*0 

9* -3” 

67-2 

2*31 

1 -2300 

3*0 

3*0 

9*—6- 

70-9 

3*36 

1-2400 

3*6 

3*0 

9*—9" 

747 * 

2*44 

1-2400 

3*7 

3*1 

io* j 

1 

76-6 

l 

2*60 

t-2600 

! 

3*6 

3*0 
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TABLE No. 111. SHOWING GRADIENTS TO BE PROVIDED FOR 
OBTAINING REQUIRED VELOCITIES IN VARIOUS SIZE SEWERS. 

Desirable Velocity Is 3*5 ft. per second. 

Horse Shoe Sewers Concrete. 


Velocity as per Kutter's Formula , n = 0 015. 



f 

r 

t 

j 

■ 


V. 

\ 

j 

V. 

Height. 

Area. 

, H. M. D. 

Gradient. 

when 

when 

< 

i 

i 


full. 

i 

1/3 full, 


i 

i 

j 


t 

] 


io 

91*3 

263 

I 

1-2800 

3*6 

3*1 

10* 3* 

* 96*0 

2TO 

1-2900 

3*6 

3*1 

IO -6 ’ 

100*8 

276 

1 -3000 

3*6 

3*1 

IO - 9* 

106*5 

j 283 

i 

1*3100 

3*8 

3*1 

li¬ 

110*6 

290 

1-3200 

3*6 

3*1 

lt 3* 

116*5 

296 

1 -3400 

3*6 

3*0 

ir ~6* 

120*0 

303 

1 -3600 

3*6 

3*0 

If -9*’ 

126*0 

310 

1 -3600 

3*6 

3*0 

. 12 

131*5 

316 

l 

1-3700 

3*6 

1 

3*0 

12 3 * 

13T-0 

323 

1 -3800 

3*5 

3*0 

12’—6 * 

142*6 

329 

1 -4000 

3*6 

3*0 

12-9’ 

148*3 

336 

1-4100 

3*5 

3*0 

13* 

164*3 

1 

342 

1 -4200 

3*6 

3*0 

13’ —3*’ 

; 160*0 

34B 

1 -4&00 

3*6 

3*0 

13 - e- 

166*0 

i 

356 

i 

1 -4400 

3*8 

3*0 

13—9’ 

j 172*6 ! 

362 

1-4600 

3*6 

3*0 

14’ 

179*0 

369 

1 -4600 

3*6 

3*0 

14- -3- 

166*6 

I 

376 

1 -4700 

3*6 

3*0 

14’ —6" 

1 *182*0 

L ~ 382 

1-4600 


3*0 

14’ -8 ” 

196*0 

368 j 

1-4900 

3*6 j 

3*0 

IS* 

206*0 

386 

1-6000 

3*6 j 

3*0 
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LOVE GROVE SEWAGE OUTFALL at the time of rising Mile. Bright coloured part of the Sea shows area and direction of Sewage diffusion. 
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Same outfall at the time of Ebb-tide showing Sewage flowing along the Coast. 
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DISCUSSION ON 

THE DRAINAGE PROBLEM OF BOMBAY. 


AIk. K. Tk.mim-k remarked that Hit* limiuing of a big town 
WiiN a •'uiiio played between those intent on doing it well, and thorn* 
intent on spending a a lit I It; aa possible, or on safeguarding some 
private interest, in wliieh the onlooker eon Id not set' most of the 
game been use no study of reports rould give full knowledge of the 
merit a and defer! a of tin; selieme on the one hand, or of local poli¬ 
ties and prejudices on tin* other. 

To the onlooker at the ISomhay drainage game •however cer¬ 
tain points were clear. Tin* first and probably most serious was 
that. I lie existing drains were put in when people knew too little 
how they should Is* built for Indian conditions. The next and 
almost equally serious was that too many people with Insufficient 
knowledge to judge a scheme fairly were in a position to oppose 
with success any scheme that was put forward. And t ho next was 
that until Mr. .). \Y. Mackison's scheme, as blessed originally hy 
Mr. .1. 1>. Watson, or something very like it was installed, Itombay 
would never be satisfactorily drained. No scheme could possibly 
be satisfactory which failed to secure clean sewers. Silt traps 
and silt cleaning were mere palliatives, and would not eradicate 
tin* evils of tin* present system. Presumably many of the existing 
sowers would have to be relaid. Mr. Mackison's scheme appeared 
likely to make this relaying as inexpensive as possible. One smell 
at the Lovegrove Pumping Station would convince anybody with 
knowledge of sewage that the tirst necessity was to bring flu* sew 
uge there so t|tiiekty I halt it could not have lime to turn septic on 
the way. This could only be done by extensive relaying. It was 
not clear from tin* paper whether sueli relaying was contemplated 
for the area now draining to lmvegrove. 1 fint whatever was done, 
it should be such llmt this would ultimately be possible. The 
intercepting sewer proposed by Air. Alackison to intercept the two 
main sewers at present gravitating to Ijovegrovt* appeared to be 
some 12ft. lower than the existing servers. If this was so. it was 
presumably no placed to |H*rmit of relaying the old sewers. 

If the modilication of the scheme proposed subsequently by 
Mr. Watson made this impossible, there would inevitably be dis- 
uppointmenf ami the ultimate cost to the town would be very 
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much greater. Tlu* |K*riodical cleaning of the proposed impound 
iug reservoir would create a greater aerial nuisance than had .vet 
been met even at. Lovegrove. 


When the scheme was carried out it would he interesting to 
see if the provision for storm water as calculated per head of 
population proved eorrect. In India, the (|iiaiiti(.v to Is* dealt 
with in the sewer depended not as in England on the quantity of 
water that would come to them, hut on the success with which it 
could he kept out. Careful arrangements for the exclusion of storm 
water might reduce the quantity which won hi enter the sewers to 
the equivalent of 1,120 rucli of rainfall per hour run off from the 
whole area drained. According to Mr. Watson’s report 11,057 
acres were to he drained. At 1 -0 inch |H»r hour this represented 
about 570 million gallons per day which was a little less than Mr. 
\Vatson’s estimate of lot) million gallons per day. To keep the 
volume down to 100 million gallons |mt day would need a very com 
plete installation of effective storm water separators. 

The estimate that only 512 million gallons a. day would tlow 
to Antop in the near future was likely to he over optimistic. 
Though if was true that a certain average relation had lieen 
established between population and storm How in sewers, the 
storm flow would he there whether the population was or not. and 
ns soon as the intercepting sewer had lieen constructed, the storm 

water was likelv to fall into it. 

* 


The possibilities of purifiention of the sewage at Antop Hill 
b.v one of the bio aeration processes were almost unlimited. But 
tin* possibilities of disappointment were also almost unlimited. 
The sewages that had been so successfully treated in India hv 
these processes wen* very fresh. Of the many difficulties that arose 
in working them one of the most, frequent was that caused by 
some of the sewage going septic. The very septic hi* wage of 
Bombay was likely to prove very difficult, and Hie mamirial value 
of the sludge from a septic sewage was liable to be lower than the 
value of the sludge from a fresh sewage. A comparatively small 
plant say one to deal with a. million gallons per day should eer- 
tuirily Ik* erected anil worked for at least a year before a larger 
plant was designed. 


Mb. E. E. DKsiutrsi.ws remarked tiiat on page 15ff, “Fate of 
the Scheme" the author had shown elearly that, there was but. one 
unsettled portion, giving rise to objections fvise.| the discharge of 
Sewage through the outfalls at Lovegrove; thy other two outfalls 
at Prongs Light House near Colaba, and that into the Kurla Creek 
fafter special treatment) from Antop llill being accepted in 1020 
by Government. 


Mr. V. i 
Tetnpta. 


Mr. B. 
IMrui 
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The most natural question would In* asked : why not treat the 
Sewage proposed to lx* disposed off an midp through the Lovegrove 
outfall, -either at. Aiitop llill and then dispose of it into the 
Kurla ('reek?--the cost prohalily lx*ing the Mime as tliat proposed 
to foe disposed off at Antop Hill ax one of the Him* dixpoxal jiointx 
of the Seivupt; or when treated at Antop Hill by the activated 
sludge proeexx, the resulting innoeuoux effluent could l»e discharged 
at the Lovegrove outfailx? The latter would seem to cost more 
than tlu* former proposal. 

For treatment, foy the activated sludge process at Antop Hill 
of 194 million gallons of sewage jH»r day under Monsoon conditions 
was shown to cost 12 million rupees. If the cost of the treatment 
was shown separate from the disposal, ls»tter results could he 
obtained and so he w'ns compelled to take the tigure as a ivhole. 
The Lovegrove outfall was shown to doll with 158 million gallons 
of Sewage maximum or about 2/It of that, of the quantity for Antop 
Hill or say 10 million rupees, and for the Colalai outfall 48 million 
gallons or .{ of that, or Antop llill, i.c., costing It million rupees. 
The total cost would seem to In* 12+ Hh It-25 million rupees or 
within ItO million rupees as originally estimated. 

Wliat a pity that, the original scheme prepared foy Mr. Macki- 
sou was not given effect to in toto, with the extra work involved 
foy the inclusion of the activated sludge process even if this were 
(o raise the cost considerably, since the scheme was one that em¬ 
braced all the needs not. only of lo day, font also of a distant future. 
Mr. Watson and Mr. Clayton said “that the scheme as designed, 
if given effect to would result in a successful and permanent solu¬ 
tion of the Itomfoay sewage atnl drainage problems." 

One more point which did not seem clear would foe found on 
page ltil second para, viz., “and the outfall with 2 additional (>' dia. 
barrels for a length of 2(K)0ft.“ From page 1115 it would appear 
that at Ijovegrove there wen* already “two <{' dia. Steel Darrels 
projecting into the sea for a. distance of about 2000ft.” and again 
oil page 1119 “only during short periods of the ffowitig tides does it 
(Crude Sewage at Lovegrove) How sufficiently far out into the open 
sen and there thoroughly diffuse itself in the large volume of 
water.’* 

From this it. would ap|»car that tlie sewage was carried out. 
about- 2000 feet outwards* horizontally by pipes from the shore. 
Would any good result from pumping the sewage down into the 
sen water and letting it thus break up and spread it its way up 
wards through a good depth of sea water? Would this help in 
quicker and better surrounding of the crude sewage by the sea 
witter and its movement caused by forced pumping? 



DISCUSSION ON DRAINAGE PROBLEM OF BOMBAY. 18ft 


Ms. G. Bran suv Williams remarked Miat the drainage prob 
iem of Bombay required solution as urgently as that of Calcutta. 
In both eases the chief difficulty was that of the outfall. In 
Calcutta, what was originally a comparatively satisfactory outlet, 
for the city sewage, had lieeu allowed to deteriorate until the 
necessity for iinding some other method of disjtosing of it hud 
become acute. In Bombay the position originally selected for flu* 
discharge was obviously open to strong objection, luit the difficulty 
of discovering any other ontfall that had not been opposed on 
practical or sentimental grounds, had led to the nuisance created 
ia-ing continued in an ever growing intensity, whilst, the progress 
of the city drainage works had been retarded to a deplorable ex¬ 
tent. 

Mr. Knimanuelov’s paper consisted for the most part of a 
history of the drainage system, an account of its defects, and a 
description of the. data on which the new sehenie had lieen prepared. 
A comparatively brief space was devoted to au outline of the 
scheme, which apparently was drawn up by Mr. Mackison and 
approved by Mr. Watson : and the alternative project subsequently 
prepared by Mr. Watson was cursorily dismissed in a few’ lines. 
The paper npjwared to a considerable extent to consist, of quota¬ 
tions from Mr. Watson's reports blit how far this was the caw* was 
not made clear. 

Oil the laisis of such information as was supplied in the paper 
it was not possible to make any reasoned criticism of either Mr. 
Maekison's scheme, or Mr. Watson's alternative, blit certain points 
suggested themselves. In the tirst scheme the main features were 
two large intercept iug sewers, one of which formed a con tin nation 
of the latvegrove outfall sewer. These were to lx* very deep—from 
-10 to itO feet at the low end. Apparently a, good deal of expense 
would be saved by pumping all the sewage of the southern part of 
the city at Lgvegrovc into a high level sewer commencing at this 
point, and it w'us not evident why this arrangement, was not 
adopted. 

Tho remarks on page 1iH of the paper regarding cntclipits 
represented an ideal state of affairs entirely divorced from practi¬ 
cal conditions. It was not possible to dispense with catchpits in 
any ordinary Indian sewerage system. The huts lived in by a large 
liuiuber of the inhabitants were of nuc.1i a poverty stricken character 
that the cost of providing separate connexions to each holding 
from the sewers would in many cases be more'than the value of the 
premises. The most that could lie done was to provide for one con¬ 
nexion to a galley serving a group of dwellings or a bustee. It 
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followed (hat sullage must flow for Home distance in open drains. 
The amount of silt aiul garbage that wan collected from these drains 
wan remarkable. Jt was absolutely essential to intercept as much 
as possible of this, lief ore it reached the sewers and the only way to 
do so was to construct galley catchpits of considerable capacity. 
These catchpils did not have any effect on malaria. In the lirst 
place they silt up so rapidly that they had to be cleaned out every 
day or two. so there was no time for mosquitoes to breed in them. 
Even if they were left untouched for long enough for mosquitoes to 
breed, no anopheles would be produced for these would not. breed 
in dirty water, (’ulex would breed if they got a chance but of 
course these did not carry the malaria parasite. 


It was interesting to hear that 50 gallons of water per head 
was considered adequate to meet the needs of 1 tom bay, when <’al- 
eutta was supposed to require more than double that quantity. The 
assn nipt ion that the sewage was equal fo the water supply, wliieh 
was usually made in England, did not hold go<sl for"tlie ordinary 
Indian town. In these the sewage was sometimes less than half tin* 
water supply in the dry weather. 


The method of caleiilating the maximum run off ill the storm¬ 
water drains did not appear to Is* very logical. Apparently when¬ 
ever the maximum rainfall in a year laid been over 2 inches, that 
year had been disregarded under the impression tiiat no other fall 
occurred ill that, year over 1.52 inches. Moreover to take the aver¬ 
age of a. certain number of selected maximum rainfalls seemed a 
crude and unseientitic system of calculation. 

Obviously to design the branch drains in a town with the rain- 
full of Bombay on the basis of a rainfall of 1 inch per hour would 
result in frequent Hooding. Itain might full for short periods with 
an intensity of 10 times thut figure and such falls were in fact by 
no means infrequent. The diagram of run off in his opinion showed 
too little run off for the smaller arras and too much fbr the larger. 
He should consider a reasonable allowance of run off for Bombay 
somewhat ns follows: 
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The proposal to make the velocity of flow in the sewer 3} feet 
per second was an ideal which it was impossible to reach in Indian 
towns in the plains except at a prohibitive expense. In his schemes 
he provided for a daily dry weather velocity of l\ feet per second if 
possible, but in any case not less than 2jj| feet per second. Sewers 
designed on this basis had beta perfectly satisfactory and there had 
been no trouble with silting of the sewers. 

The statement on page 152 of the palter that the Bombay sewage 
contained twice the quantity of solids usually found in European 
sewage was misleading. In sewage disposal it was tin* solids ill 
suspension that alone need be considered, and it npj>enml from the 
statement on page 151 that these wore less in Bombay than in 
Europe. 

Generally the impression created by the paper was that Mr. 
Watson had been eoinpcllcd by force of elrcuinstances to abandon 
the sehenie lie wished to carry out in favour of a cheaper and lews 
effective scheme which perpetuated the nuisance of Lovegrove. The 
most interesting feature of the latter scheme was the proposal 1° 
treat the sewage of the northern part of Bombay by the Activated 
Sludge system. As regards that Bombay would probably be able 
to obtain some useful information when tin 1 experiment, which he 
was carrying out for the Nagpur ’Municipality IiimI been com- 
pleted. 

Tlie paper ended up in a pessimistic vein and did not give any 
clear indication that anything at all was likely to Is* done to solve 
the Bombay problem in the near future. 

Mr. M. Ahsan Zkman said it. was unfortunate that the author 
was not present at the. discussion. Anyhow his paper was very 
interesting. It gave a complete, history of tie* Bombay Drainage 
and the opinion of the numerous experts consulted from time to 
time. In the paper sufficient details were not given for a complete 
solution of the existing trouble. One had to be guided by what 
the author had stated and an opinion fdrnnsl on general principles. 
This was he believed the object of the author in presenting his 
pa|>er. 

The various Outfalls mentioned hy the author mid Mr. Moduli 
were:— 

(а) Lovegrove. 

(б) Colaba Point. 

'O Worlee— do— 

(d) Mahim Bay. 

to) Green Isle. 
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if) Kuiiu Creek. 

(«) The Lovegrove Outfall had hwu a complete failure. 

(b) An Outfall at 4'oluhu point which would have lieeu the 
vvry IwjKt could not lx* had now ax it wax too late to reverse the 
whole system. 

[*’) Woiiw Point wax no doubt better than Lovegrove in ax 

much ax there wax more apace available for the conxtructioii of 

puritication workx blit it would not lx* a permanent xolutiou of the 

problem mid whenever the sewage wax not purified to the extent 

neeexxury there would lx* the kuiiic nuixancc again. Moreover the 

coxt of puritication w'onld lx* very heavy with practically no return. 

The idea of adopting the Wo rice Outfall wax again the xame make 

xhift policy of the paxt which would rexult in etioriuoiix capital coxt 

and no return or permanent benetitx. 

■ « 

(</) Maliim Hay had more or lexx the xame defects ax Worlee 
and wax rejected for the xame reaxonx. 


tc & f) Green lxle and Kurla (’reek were both on the Eaxteru 
side of the Ixland. lien* there woulil lx* no accumulation of 
Sewage along tin* shore owing to the favourable currents but the 
Port Trust would not allow untreated sewage to be discharged into 
the harbour. I loner it seemed that puriiieutiou must be resorted 
to on tin* Western side to get over the objections raised by tin* Port 
Trust. If the Outfall wax to lx* at Worlee flu* cost of puritication 
and niuiutruanco would be much more than at Autop Mill. The 
space lx*ing limited mechunical methods of puritication must lx* 
adopted such-ax the Activated sludge with heavy capital and main¬ 
tenance cost, while at Autop Mill a large area was available which 
could easily be acquired and reclaimed for the construction of 
detritus chambers and simple Kcdiuicutntion tanks. 


The Sludge could be disposed of as poiut<*d nut by the author 
and the etlliieiit, instead of being discharged into the harbour and 
wash'd could lx^ pumped on to the Trombay Island close by. Thus 
the sewage m*ed only lx* partially puritied at a com|Kiralively low 
cost ami a fairly large income obtained from the resulting effluent. 

This wax proposed by Major Tiiilocli no far back as 1871 but. 
as the author had stated, Mr. Pedder the then Munici|xil Uominix- 
#p^ier interfered and nullified Major Tulloclfx pro]K>xals by doing 
away, particularly, with the scheme of application of Sewage to 
land. 


There wax enough ex|x?rience now ns to the results of sewage 
disposal by Broad Irrigation in India and the revenue to be e*)»eet- 
* wl* l*» Poona tlie revenue from the effluent alone was about 
Rs. 100 to 110 per acre apart from the water rate. 
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From the tent given by the author there was no doubt that the Mr.xuAh* 
sewage of Bombay was very weak and did not m|itiw» much fresh 
water for its dilution before giving it out for irrigation. 

,It might be stated here that for Effluent irrigation to be pro tit 
able und successful a certain amount of fresh water was also 
needed for variable periods according to the kind of crops grown. 

As he was not acquainted with the conditions in Trotnbay 
Island lie could not say what possibilities then* were for securing a 
reliable fresh water supply for Irrigation. With a heavy rainfall 
he thought, it would Ik* possible to arrange for fresh water either 
by a- storage reservoir or tills* wells. 

However, the pro|s>sal seemed to Is* a very paying one if in¬ 
vestigation siiowed tiiat laud and fresh water supply could be 
'economically arranged. 

An approximate idea of the income could be bad from the fol 
lowing figures. Taking the future population to Is* 2 millions, the 
ami of laud required would he about 10,000 acres and discharge of 
sewage effluent would In* about 1K."> eusees in the dry weather which 
was enough for irrigating about 10,000 acres. With a charge of 
Its. 100/- per acre the ineoine would Is* 1 million or 10 lakhs. 
Moreover according to the author an income of about it.7 lakhs 
might be expected from sludge valued at. Its. 00/ per ton. lie was 
not quite sure about this as tiie sludge from sedimentation or septie 
tanks w'as not of much value. It might Is* utilised for manuring 
and mduiiuiiig tiie Municipal I'anns at Dconor as proposed. 


After earefully considering the history of the ease and the 
various objections of the Port Trust and Government it seemed 
advisable and economical to adopt the Autcp Hill Outfall as ft. laid 
lieen decided to have the Sewage purilicd Indore discharging it into 
the sea. 


Finally lie was of opinion tiiat the complete Scheme promised 
by Mr. Watson should he adopted at once doing away entirely with 
the Outfalls at Oolalst and Lovegrove and not the compromised 
scheme of Mr. Watson, us the author railed it, which retained the 
Lovegrove and r-olabu Outfalls. 


STORM WATER DRAINS. 

Mr. Watson and the author were perfectly right in stating 
that the condition of the Storm Water Drains wus deplorable. 
They were a menace to the health of a large city like Bombay and 
it seemed disgraceful to have such a state of affairs continue for 
years when huge sums were being spent on wpter supply, bousing 
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Muau Hint building n|» new suburbs, etc. Moiv than half the trouble at 
5 Lovegrove was due to the o|w*n Storm Wnter Channels. One could 
not imagine that in a city like Itombuy large open kutcha channels 
and o]nmi reservoirs were allowed. 

The contributory drains as stated by the author were also in 
a deplorable condition. The catchpit and the trap for intercepting 
grit must Is* entirely removed. It, seemed very strange to spdnd 
lakhs on remedial measures for malaria and yet allow innumerable 
sceptic eatchpits for convenient breeding of mosquitoes all over 
the city. The principle cause of malaria being endemic in Itomlsiy 
was the filthy condition of the storm water connections and Outlets. 

In nearly all large cities in ludia the problem of the Storm 
Water .Drains was left, in abeyance till the very last, simply be¬ 
cause it was thought that much nuisance could not lie caused by 
Storm Water. Really speaking in large, eitics the road sweepings 
consisting of house refuse and animal excreta and Jitter from 
stables etc., were being daily put into the Storm Water Drains. 
Also, effluent from private septic tanks without any laud treat¬ 
ment. wan allowed to flow. In some cases sewage connections had 
been wrongly made and in many cases the sullage was made to 
How into Hie Storm Water Drains. All these practices contributed 
to infect the small volume of liquid (lowing or stagnating in the 

Storm Drains in the drv went her. In Homhav the rainfall was 

• • 

not. uniform right through the year. It was well known that, the 
Storm Drains were not Hushed except in Hie monsoon or after an 
extraordinary hra*.\ shower. With obstructed outlets the putritied 
liquid uecmniilatcd in them under tide lurked enudilion forming 
long authorized septic tanks. 

If an entirely separate system was to be retained and improved 

at an cuoniioUK outlay of l\ erores it seemed absolutely essential 

* * 

that Hie Storm Wafer Drains must In* remodelled and improved 
lirsf. No open drains or reservoirs were to la* allowed. If tide 
locked conditions were produced the Storm Water should be dis 
jmsed of in a similar way to sewage by eolleeting it in covered 
reservoirs and pumping it into the sea at all tidal renditions. 

In his opinion if satisfactory results were to be attained the 
Storm Water Drains should bo reconstructed and maintained on 
sanitary lines uloug with the new’ Sewerage Scheme. The prin¬ 
ciples to lx* laid down should la*:— 

(а) No open draius were to be permitted under any eiremn 
stances. 

(б) Direct falls into the sea should be provided as far ns 
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(c) In case of title locked conditions covered reserviors should UriLA 
Ih» designed for the storage and the liquid jmiiijMMl daily into tie* z ® mmn * 
sea. 

(</) As street sweepings, animal droppings and sill Inge from 
cattle sheds, etc. were washed inti) the Storm Drains, the discharge 
generally contained putrifactivc organisms. In the dry weather 
there would he generally a very small How in the drains, iu fact the 
solids would settle on tin* invert and obstruct the ilow. Hence if 
no catchpits or galleys were to Is* permitted, iu future it would Is* 
necessary to Hush these drains daily and keep them quite clean. 

(c) All draius should he of such a- form as to he able to carry 
the flow in the dry weather with a self cleansing velocity. In the ease 
of large drains the invert should eonsist of a central eliannel of a 
‘smaller diameter either of S. AV. pipe or eoucretc with the sides 
sloping towards the eliannel with 1 iu :i: more or less similar to the 
invert of thd Lancaster type or a eunette section may he adopt**! 
in case of very large sewers. All smaller sewers should ho of ovoid 
section new form and the smallest drain should not Is* less than 
18” x 27". 

if) An entirely separate system was to is* rigidly enforced 
and no connexions whatsoever were to Is* 1 allowed between tin* 

Sewage ami Storm Drains; the partially separate system now 
practised was always open to abuse in some form or other and must 
Is* stopped. 

* ( g ) The main features ol' the proposals for the new Storm 

A V a ter Drainage as pointed out by the author should be adhered to. 

Finally he would add again that more than half the trouble 
and nuisance at present was due to tin* faulty Storm Water Drains 
and storm Outfalls. In any scheme which was to result, in a 
successful and permanent solution of the problem the question of 
Storm Water Drains should receive tin* first and formost considera¬ 
tion. 


CAPACITY OF SEWERS. 

To estimate correctly the capacity to la* provided was very 
nearly impossible. Kate of water supply and quantity of ground 
water were really the only data from which an approximate figure 
might be arrived at. The daily rate of water supply for a city like 
Bombay should in future be not less than 50 gallons per capita. In 
fact it was sure to increase to 75 gallons per capita ■ in the next 
few decades. 
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▲Immi For the present. assuming that oul.v 50 gallons per capita per 

SO 

day reached the newer*, the average flow p<-i* hour would he)" “2*08 

24 

gallons jh*i‘ head per hour; lint an eoiiNiimption of water fluctuated 
throughout the 24 hours the quantity of sewage would also vary. 
In fact, practically 80% would reach the sewers in 0 hours; that 

40 

was to say the maximum rate of flow would lie — -(H»7 gallons 

6 

per head per hour or nearly 2*2 times tlie average flow. This did 
not provide for any factor of safety which should be at. least 1 j 
times; adding this the capacity should be H IM gallons per head per 
hour or very nearly 1200 gallons per capita per <lay. 

In a city like Bombay where the rain fall was heavy and the 
jKudtion was rather low*, a great deal of ground water might lie ex¬ 
pected. This should not. Is*, mixed up with the storm water which 
ill the case under discussion was to Is* entirely excluded. Under 
very favourable conditions as to nature of soil, elevation and dry 
weather the quantities of ground water varied from 10 to 15 thou¬ 
sand gallons per mile while the maximum might lie more than 100 
thousand gallons per mile-. 

As stated in the pfi]>er under discussion 15 thousand gallons 
per mile was very low. in his opinion in Bombay the allows*nee 
should be at least .10 thousand gallons per mile. 

It might Ik* mentioned here that, in American cities the provision 
for ground water (sub soil water and not leakage from water 
supply) usually varied from 15 to 150 gallons jier head. Coni fiared 
to this in Bombay there should Ik* a provision of at. least, 20 gallons 
per head us the conditions were not very favourable and a great 
deal of sub soil water was met with. According to Falwell the 
maximum capacity of the sewer to Ik* provided is (50+20) x 175% -- 
122*5 gallons per head. As a further safeguard he recommended a 
factor of safety of 2 to II for small and large sewers. lienee for 
small sewers the capacity to 1 m* provided is 245 gallons per head 
and for large sewers 1N4 gallons jwr bead. While for large trank 
sewers the capacity could safely Ik* about 150 gallons jier head. 

With the above considerations Mr. Watson was quite right in 
providing the capacity at 200 gallons |ier brad, for large and small 
sewers. 

In case of the trunk sewers, however, the eapacity must lie 
.reduced to 150 gallons per head. 

He did not agree with Mr. Watson that overflows should lie 
provided to discharge sewage direct into the sea without treatment 
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iu the monsoon. Tliis would cause a nuisance again. The* best ur X. ihu 
inetliod was to exclude min water entirely aud carry the full dis- *—— • 
charge of sewage to the disposal works without providing any 
overflows, catehpits or balancing tanks. 

Ju sewerage and water supply schemes it was always wise to 
provide mom capacity than required, as then* were so many cons!- 
derations and contingencies. hi the case of sewemge, silting and 
erosion of tlie invert usually resulted while in water supply corro¬ 
sion and reduction of mains was always occurring. Also judicious 
and careful selection of co-eflicicnts of Rugosity wus very necessary, 
as otherwise one might Is* providing for adequate capacities blit 
calculated with wrong co-efllcieuls which ultimately resulted in 
much less provision. From the conditions of sewers during con¬ 
struction and the lack of maintenance in future, he thought the 
following should be the co-eflicients of Itugosity. 

1. S. \\\ Salt. Glazed pipes. n - 0-018 to 0 015 

2. < Vinent. plaster or Glazed 

brick inverts. u 0015 to 0-017 

It was found in imlisi that S.W. Pipe drains had many defects 
regarding, clean joints, true alignment and bearing, hence theoreti¬ 
cal conditions were not fulfilled iu practice and the coefficients of 
Rugosity should be as altovc. In ease of glazed brick inverts, the 
brick joints iu actual construction were to h* thick and were 
generally rough and uneven, with the result that the conditions 
became quite different. In fuel in some cases lie had found that 
the surface instead of being quite smooth had ln*conic corrugated 
wifh the numerous hriek joints. Actually a cement plastered sur 
face was better than the glazed brick surface provided it was not 
eroded and damaged. Hence with a view to proper future provi¬ 
sion, the suitable en efficients would In* as indicated above. The 
capacity should always be calculated with the worst conditions 
and not assuming Hie best workmanship and conditions. 

A few words might In* said as to jjic suitable situates of sewci'M 
for Bombay. The hi illinium size of a sewer for Bombay should Is* 

0" diameter. S.W. Pipes, ought, to lie used for drains SP to 18" 
diameter and cement concrete circular pipes for sewers 21" to 00" 
diameter. Above 00" diameter egg shape or ovoid sewers (new 
form) should la* adopted with glazed brick inverts and lining up 
to 2/8 of the depth, the largest, size to be not. more than 8' *12'. 

After this the cunette section Washington type should tie used 
with a semi-circular concrete arch and half -round cunette, the 
ledges ou the sides sloping 1 iu 0. In the Washington type* 
the cunette portion and the side ledges up to the D.W.F. level 
need only be lined wiffli glazed bricks. 


b so 
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SELF ('LEANSfN<i VEL< ICITIES. 

lie agreed with the author and Mr. Watson that the velocities 
with the D.W.F. dim-barge Hhould be self cleansing. For Indian 
conditions this velocity should not: l>e less than 3' per second—in 
case of large Hewers, and UV jM*r second—in case of small sewers 
up to 12" diameter. When pumping was adopted it should not lie 
difficult to obtain I hew* velocities. 

No tables of discharges drawn up according to English prac¬ 
tice were suitable to the Indian conditions. It was always safer 
to calculate using Nutters formula with the values of n. as men¬ 
tioned above. 

Silting was the trouble in all the Indian systems. It was also 
due to the habits of the people who used earth in closets and for 
washing utensils, lienee if future failures were to be avoided the 
principles for self cleansing velocities should lie enforced rigor¬ 
ously and if in any rare caw* t he velocity fell lielow the minimum 
fixed, automatic Hushing syphons should be provided of sufficient 
capacity to Hush the drains regularly at intervals, thus keeping 
Iheni quite clean. 


roNoumiONS. 

(1) That the Antop Hill Outfall was the most suitable and 
should Is* insisted upon. 

(2) With the self cleansing velocities proposed it was expect¬ 
ed that, the sewage would reach the plant in a fairly fresh condi¬ 
tion and heurc it could Is* pumped direct for irrigation without 
any further treatment. The amount of rest in the pump chamber 
would not 1 m* more than half an hour. This was actually being 
done in Poona, with very good results and if handled properly 
the same system could Is* followed provided fresh ivater was avail¬ 
able on the Island for diluting and distributing the liquid for irri¬ 
gation. In ease the Sewage arrived in a stale condition it 
would Ik* necessary to adopt a simple sedimentation process provid¬ 
ing a rest, of say 3 to -i hours aud then pumping the effluent. 

lie was against f lie Activated sludge system as it bad not been 
tried in India on a large scale and the capital and maintenance 
costs were* very heavy. 

(3) The small and large sewers should be designed to carry 
900 gallons per head per day and the main trnnk sewers 150 gal¬ 
lons per head per day. 
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(4) The eo-eflicieut of Rugosity in Kuttm formula should lie Mr. SLahm 
0-13 to 015 for S.W. Pipes and 0*13 to O il for cement plaster or **■**• 
glased brick sewers. 

(5> Storm Water should Is* entirely excluded from the sewers 
by not allowing any surface drain from houses or overflows to be ft 
connected with the sewers. 

The Ai.'thoii said in reply :—referring to Mr. Temple's re* Tl»® Aotlio 
marks on liis paper, and partieularly to that place whew* be 
stated that until Mr. Maekison's scheme, as blessed originally by 
Mr. Watson, or something very like it, was installed, Bombay 
would never be satisfactorily drained, the author said that lie was 
glad that his views on the Bombay Drainage Problem had been 
endorsed by so prominent and well known Sanitary Engineer in 
India as Mr. Temple. But most unfort limit elv the Bombay Muni¬ 
cipal Corporation were accepting other views and by agreeing to 
the modified scheme of 1924, necessitating the retention of Lovegrovo 
Outfall, were continuing their usual policy of palliatives involving 
unnecessary ex|M*nditure to the extent of over Ks. .*12 lacs. This 
was to Ik* spent on the problematic experiment in trying to eliini 
nute the existing nuisance produced by this Outfall condemned by 
all experts whose opinion laid been sought on many occasions. 

Therefore one could not but agree with Mr. Temple's remarks 
that “the drainage of a big town like Bombay was a game played 
between those intent on draining it well, and those intent on 
Kitending as little as jHiKsihlc'* am! that “too many |s*ople with 
insufficient knowledge to judge a scheme fairly were in a position 
to oppose with success any scheme that was put forward.” The 
septic action that was usually taking place at present in Bombay 
sewage received at Lovegrove was caused partly by the flat gradi¬ 
ents and sinuous routes of the existing severs in certain parts of 
the eity and still in a major degree was due to a very inefficient, 
pumping arrangeinciifs at Lovegrove which continuously retarded 
sewage flow in two main trunk sewers and backed it up to not less 
than 4 to 5 feet height thus considerably mincing velocity of flow 
ill the mailt as well as in certain subsidiary sewers. With the 
adoption of Mr. Maekison’s original scheme providing abolition of 
Lovegrove Pumping fttation and substituting it by a gravitation 
sewer to Antop Hill it was hoped that the condition of -flow in the 
existing sewers would be improved to a certain extent, but relay¬ 
ing of certain old subsidiary sewers in the city was certainly in¬ 
evitable. As regards the sewers already laid recently in the north¬ 
ern uusewered part of the Island and those which it was proposed 
to lay there in connection with the Antop Hill scheme they were 
nil designed with velocities of not less than 3 ft. per tee. and along 
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Author, the* shortest jMissiblc routes, ho that there would uot be the slight¬ 
est chance of the flowing sewage lit them l>eiiig turned septic before 
reaching the proposed purifleation works at Antop Hill. 

Tin* provision for the storm waters at the time of monsoon in 
the newly designed sewers hud been made to the extent of four 
times their D.W.F., which had Iiwii based solely oil the observa¬ 
tions made with the existing sewerage system of Bombay and con¬ 
sidered adequate to meet monsoon “run off” requirements iu the 
condition of an Indian town like l tom bay. 

It was true that in India, the quantity of rainwater to lie dealt 
with iu the sewith* depended on the success with which it could 
lie kept out. For success there would not be so much need of very 
complete installations of effective storm water separators, as of 
well trained sanitary engineers, capable of understanding those 
ideas and aide to enforce their application by subordinates. 

It- was a matter of fuet that in Indian conditions, ami iu the 

cities like ('aleutta or Bombav in ninetv out of a hundred eases 

■ • 

even most important sewer and storm water connections were being 
made under the supervision of an ordinary niistry, a person with 
very little knowledge of sanitary principles. Therefore it was not 
surprising ut all that many sewers in tIu* city were connected with 
storm water drains and tier rcrmi. 

lie- had seen himself such extraordinary connections, as when 
thrw-tl inches and two ir> inches pipes were found joined into one 
In inch pipe. 

c 

It was also a common fact that iu the cities like Calcutta and 
Bombay, with the old drainage and sewerage systems no proper 
records had lieeti maintained not only of all the connections made, 
hot even of all the existing drains and sewers in the city, thus 
giving sometimes opportunities to the niistry to make wrong con¬ 
nection he having no data as to whether it was a sewer or SAW 
drain. 

It- was difficult to argue wit li regard to the volume of sewage 
expected to be received during the monsoon at Antop Hill during 
the first few years, estimated in the present ease by Mr. Watson to 
be. about 82,000,000 gallons js»r day, as this volume w*ould solely de- 
|»eud on what subsidiary sewers would !»e laid within the {ferns! 
of those years. Looking at the slow* rate at which population of 
that part of the city was being increased and the number of sewers 
provisionally laid then* within the last few years there was very 
little hope that anything more than one-sixth of the total ami of 
that part of the city would be sewered within that time. At the 
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tsami* time **onsiderable program had been almidy made iu that The junta 
part, of the city in providing drain*? for the removal of storm 
water, which gave a certain amout of assurance that only the mini¬ 
mum possible amount of riiiu water would fall into the intercepting 
uk well m* subsidiary Newera in that locality. 

Passing on tiie quest ion of the proposed sewage purification 
at Antop lfill on the Activated Sludge process he agreed with Mr. 

Temple that there would Ih* certain difficulties to Ik* experienced in 
treating the septic sewage of Bombay as it was now', but it wun 
confidently exj mm- led that with the introduction of the proposed 
measures already described above, considerable improvements in 
tlie sewage How would In* attained thus diminishing septic process 
in tilt* sewers so common in present condition of their How\ The 
Installation of a small experimental plant prior to the design of 
it larger plant was of course the most desirable course to lie taken 
by the Bombay Municipality, but lid was afraid the Corporation 
was not w'iilmg to adopt this course of action as it involved a cer¬ 
tain amount of ex jm* uses on the experiment. 

I'assing on to the comments made by Mr. Braushy Williams be 
w'ouid like to |mint out that lie had written Ids paper w'ith the 
objeet mainly of drawing tin* attention of Engineers to most un¬ 
desirable but very common practices in India of dealing with the 
most iin|Mirtaiit schemes, vitally aiTeeting the interests of millions 
of populations, in a maimer as deserilN*?) in his paper. The second 
objeet that lie had in view was a desire to enable young Engineers 
engaged on Sanitation in India to get, acquainted with certain 
dn4a based oil nearly a century of exjierieiice with (lie Bombay 
drainage and possibly common to any other similar drainage 
scheme to Ik* undertaken in India, where it might Ik* of certain 
use in one or other reflects. 

He had no intention, as well us no space available in Ids pajK*r, 
to go into the technical details of the two pro|M>sCd alternative 
schemes, as suggested by Mr. itrausby Williams. Nevertheless 
then* were still sufficient data givetriu his paper to see that with 
the retention of Lovegrove Outfall, as contemplated by the last 
scheme of 1024, the drainage problem of Bombay would remain 
unsolved. Being engaged during seven years of his service with 
the Bombay Municipality on the drainage w'orks of Bombay and 
ls*iiig {lerKonnlly connected with the preparation of the modified 
scheme, as proposed by Mr. Watson in 1024, be had a certain 
amount of jiersoiiai experience in the matters described iu his 
paper, though his view's might Ik* similar to those entertained by 
Mr. Watson himself. Nevertheless whenever Mr. Watson's opinion 
had been quoted in his paper it had been alw*ays so mentioned. 
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Ah regard** Mr. Bransby Williams’ opinion that a good deal 
of expense would be wived by pumping all the sewage from Love- 
grove info a high level Hewer to Antop Hill, it mast be pointed oat 
that, this was not the cane, the necessity of constructing another 
equally largo intercepting sewer in the same direction but at a 
slightly lower level would cei-tain ly involve more expense than if 
ouly one large: gravitating sewer was laid instead of two. Besides 
that the existence of a high level sewer involved maintenance of 
the pumping station at Lovegmve for the lift of sewage to be deli¬ 
vered to Antop IHill, which was not desirable for the reasons al¬ 
ready mentioned and which became quite unnecessary if one gravi¬ 
tation sewer was constructed. 

The only advantage of such a high level sewer would be a small 
saving in the height of tins lift of sewage at the Pumping station 
at Antop Hill by alsnit 10 ft. only, which whs negligible in com¬ 
parison with the expenses involved by the maintenance of two 
pumping stations, at Lovcgrovo and at Antop Hill, and by the 
construction of two large sewers instead of one. 

Mi*. Bransby Williams had evidently misunderstood liis remark 
about the undesirability of catelipits which referred to the storm 
water entrances usually provided along the streets to intercept, 
grit and metal carried with the road washings, and not to the gully 
catchpits in the sewers that were provided to intercept silt and 
garbage flowing along with sewage and which Mr. Brausby Wil- 
liunts considered indis|N‘iisulde in Indian condition at any rate. 
But. in spile of this lie was equally against provision of such 
catchpits in both cases and particularly in Indian conditions, 
whew putrifadive process of the organic matter, intercepted in 
such catchpits, was very rapid on account of the high temperature 
of the Indian climate. They were equally unnecessary arrange¬ 
ments serving no purjMise if the sewers or storm water drains were 
designed and built with sufficient velocities and able to cany the 
whole detritus to the point of outfall. To recognise their neces¬ 
sity was in his opinion equivalent to recognition of a privy 
Basket System because in Isdli eases collection of deconifiosing 
matter and carriage along the streets was njiuilly Inevitable, 
while this work was a legitimate duty of every properly designed 
system of drains. 

*• * 

fie equally disagreed with the ideas that those catchpits did 
not. have any effect on malaria and suggested a reference to the 
opinion of malaria experts Investigating this disease in Bombay or 
Calcutta and to any weekly reports published by the Health 
Department of the Bombay Municipality, on several occasions re¬ 
gistering cases when anopheles had been found breeding in these 
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catcbpita. If thin was not the case there would be no necessity of Thj> Attlbw | 
sprinkling them with kerosine oil, as was Imiiig done by the Bombay 
Municipality, though he was sorry to say in certain cases only. 

It was true that these cases wen* confined only to the central 
part of the city, just to show that something was being done in 
that direction, while 80% of the total number of the city's water 
entrances had (hear eatchpit not only never oiled but very seldom 
even cleaned. 

To confirm his opinion on the subject of eatchpit necessity 
he would refer to the report of the Metropolitan Sewage Commis¬ 
sion, New York, 1924, stating that “the catch basins were in reality 
among the most useless devices employed for the removal of solid 
material from sewage. They were generally infective because they 
tfere not. cleaned with sufficient frequency to enable them to serve 
us traps. It seemed impracticable to keep them clean. To main¬ 
tain catch basins in serviceable condition required much hand 
labour, and this was costly. The work was usually carried out to 
the annoyance of pedestrians and householders.” Another report 
to the Commissioners of Sewage of Louisville by .1. 11. F. Breed and 
H. P. Eddy, 1912, stated that “it was felt that in this climate it 
was unwise to provide pools of water in which mosquitos could 
breed as is the ease where catch basins are built.” 

A more or less scientific method of calculation in determining, 
the rate of maximum rainfall that should govern the choice of the 
storm water drain sixes could only Ik* made if the rainfall inten¬ 
sity os well as its duration, which was tiie most essential factor, 
had been recorded by automatic rainguages and during compara¬ 
tively a long i>erio<l of yeurs. In the absence of Bombay data, the 
determination of the rate of rainfall that could safely be taken 
without exceeding the critical economical basis in the design of 
proposed storm water drains was certainly a matter of opinion of 
the engineers concerned and as such was certainly o)m>ji to criti¬ 
cism. But the practical knowledge of conditions in Bombay show¬ 
ed that a rainfall of over one inch per hour intensity was 
confined usually to comparatively small and certain districts 
only and last for a very short period, measured in minutes, which 
condition would affect small branch and subsidiary drains and not 
the large conduits. Therefore a rainfall of 1 inch per hour inten¬ 
sity had been considered as sufficient for areas to lie served, pro¬ 
vided certain allowance was made in calculation of “Run off” for 
the small areas. 

Besides that another allowance had to be taken into considera¬ 
tion. by adopting Kutter’’s formula for calculations of storm water 
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lie Anther. 


flow in drain**, when somewhat lower results iu calculation of 
flow in email pipes were usually obtained, an compared with the 
actual reHultH. 

Though in the chapter of hi* pu]>ci' dealing with the “run off’’ 
reference had lieen made to Btizkli-Zeigler's formula only, it was 
due to hits overnight tiiat. the actual data upon which all calcula- 
tioiiN of the Jlomliay Ntoriu water drainage were made iu the pre- 
nent caw had been omitted. 

Those data were an follows :— 

Area in acrea. The flow an calculated on the hash 

timall areaft. of 1 inch pe.r hour reduced by 

Xo reduction. 


100-200 

... 5% 

200—400 

... 10% 

400—GOO 

... li>% 

000—800 

... 20% 

800—1000 

• . . Mil /O 

Over—1000 

•MW 

• • ■ ,*C» 

lie did not cousider that the statement made on the page 152 of 


hit* paper that, the sewage of Rouihay contained twice the quantity 
of solids usually found in European sewage was misleading as it 
had been made only to indicate the causes of so easy silting at the 
inverts in sewriTH iu India and not. witii reference to the disposal 
of sewage, in which case solids ill suspension itatl alone to be con¬ 
sidered. The results of the cxjicriincuts with the Activated Sludge 
process that, were being carried out by Mr. Hransby Williams Tor 
Nagpur Municipality would be certainly of much interest to Kani- 
fury Engineers in India and would Ik* eagerly a waited with a 
hope that an interesting pa|»cr on tiiis subject would Is* read lie- 
fore the Institution of Engineers { India) in due course. 

Referring to the remarks made by Mr. Desbruslais he had to 
point, out that the question of diverting sewage from Lovegrove to 
An top Hill and discharging it. into Kurla Creek after preliminary 
treatment at Antop Hill was quite a natural question and this had 
been provided in Mr. Markham's original scheme. Rut as this 
involved n certain union ut of extra expenditure on the construction 
of a larger size trunk sewer from iJbvegrove to Antop Hill as com 
}iaml with the trunk sewer If the sewage from the north part of 
the island alone was to lie carried to Antop Hill, the MunicijMil 
Corporation turned, down this scheme for the sake of economy. 
Besides the treatment of nearly double the amount of sewage on 
the Activated Sludge process at Antop Hill in this case would 
certainly involve double the initial expenses as well as the in- 
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creased cost of maintenance so that the Municipality evidently pre- The aoUmm 
ferred to perpetuate the existing nuisance at Lovegrove Outfall by 
discharging crude sewage there than to spend a few lacks of rupees 
extra and so solve the drainage problem for ever. 

The method of calculation in obtaining rough cost, of sewage 
treatment on the Activated Sludge process if the whole sewage of 
the city was brought, to Aniop Hill was not correct, as the estimat¬ 
ed cost of Rs. 12,000,000 for the work at Autop Uill included not 
only the cost of treatment work, but also the cost of const ruction 
of large trunk sewers as well ns the Pumping Station, etc. Blit, 
the cost of the purification work installation alone at Autop ilill 
had been roughly estimated at Unit time to lie about Rs. 37 lakhs 
which was already included in the estimated cost of Rs. 12,000,000 
for Autop Hill. 

Mr. Desbruslais was not <|iiitc correct in assuming that the 
sewage at Lovegrove was Itcing carried out horizontally to the son 
by two 6 feet ‘diameter barrels of the Outfall, as those barrels were 
laid to a distance of about 13000 feet from the shore at. the bottom 
of the sea and with a maximum possible gradient, thus allowing 
sewage to flow to the open sen to a distance equal to the length 
of the outfall and then to raise up from the Imttom to the sea sur¬ 
face when sea water level was snflic.ieuily high. But "the whole 
question was that the sea was not suflieiently deep along this const 
of Bombay and the variations of the tides were as high as fol¬ 
lows :— 


High Water, extraordinary spring lidos 

Feet 

T.H.D. 

88*42 

,, „ ordinary 

86*25 

Mean High Water 

84*50 

High Water, ordinary neap tides 

83*24 

Highest low water 

81*00 

Mean sea level 

80-16 

Low water, ordinary neap tides „ 

77*25 

Mean low water 

76*00 

Low water, ordinary spring tides 

74*25 

Mean lowest water, ordinary spring tides 

72*00 

Low water, extreme tides 

71*16 


which gave extreme variations of the tides equal to 17*26 feet. 

At the same time the top level of the 6 feet dia. steel barrels of 
the outfall at their Extreme end in the sea was about THD—74*00 
there was not sufficient depth of sea water to cover the mouth of 
the outfall during certain periods and left the outfall entirely 
exposed at other periods. 
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Catalogues and estimates on application to: 


l ESSORfeb 

^ - -ENGINEERS_ 


INDIA 


BURMA 












ijj THE INSTITUTION OF ENGINEERS (INDIA). 


WORTHINGTON 



TYPE “L” CENTRIFUGAL PUMP. 

SPLIT CASING. 



Send your enquiries to 

WOBTHINGTON-SIMPSON* L» 

< Incorporated in England .) 


10, CLIVE ST., 

CALCUTTA. 


ASIAN BLOGS., 
NICOL BO AD. 

BOMBAY. 


AGENCIES: 

> * <• ' - 

i^KWELL EX PORt^lLTER Co. .. 

CLARKE fir VIGILANT SPRINKLER Co. 

t AILING »PORTER. Ltd. . 

IfcjjlAIiPNKV • Co. Ltd. 


Gravity and Prcuurt Filters. 
Automatic Sprinkler fir Fire Aland. 
Steam P Oil Road Rollers. Scarifiers, 
etc. 

APEXIOR" Boiler Compound 

ICSUil TEND 
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CHLORINATION 

The water supplies of nearly all the large cities 
of INDIA are sterilised through the medium of the 

PATERSON CHLORONOME 

DELHI 

AJMER 

SIMLA 

# BOMBAY 

JAIPUR 

KARACHI 

MADRAS 

AMRAOTI 

LAHORE 

HYDERABAD 

TRIVANDRUM 

ALLAHABAD 

RANGOON 

WARDHA 

JAMSHEDPUR 

LUCKNOW 

UJJA1N 

PESHAWAR 

AGRA 

KHANDWA 

MADURA 

BANGALORE 

AHMEDABAD 

SHOLAPUR 

BARODA 

MYSORE 

RAIPUR 

NAINI TAL 

MHOW 

AKOLA 

Etc. 

Etc. 

Etc. 

RELIABILITY\ The three primary reasons 

EXPERIENCE > for the adoption of the 

j SERVICE 

J PATERSON CHLORONOME 

THE PATERSON ENGINEERING C? (INDIA) LTD 

CALCUTTA 

:: P. O. BOX 680 

s: BOMBAY. 





HOBTAS BRAND PORTLAND CEMENT. 
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6 & 7, Clive Street, CALCUTTA. II 8, Clive Street, CALCUTTA. 
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AN ADVERTISEMENT 



tittesnutn 


BRINGS BUYER AND SELLER TOGETHER 

INDIA’S NEWSPAPER 


■STIjc Statesman 


PRINTING 

DEPARTMENT 

is specially adapted for the production of high-class 
work at moderate charges. 


Books 
Pamphlets 
Office Stationery 
and all classes of 
General Printing 


Book Binding 
Ruling 

Gold Blocking 
Relief Stamping 
etc., etc. 


Address all enquiries to: 

MANAGES. THE “STATESMAN”. PRINTING DEPARTMENT. 
«. CHOWRINGHEE, CALCUTTA. 
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ttalher&Piatti? 

Mntorpornitd in FnfUnd > 

ELECTRICAL. HYDRAULIC. TEMTILE ft FIRE PROTECTION ENCIHEERS 

LONDON AND MANCHESTER 

CALCUTTA 7. Hare Street. P O Box 389 
BOMBAY. Bombay House, Bruce Road. Fort, P O Box 327 

ELECTRICAL PLANT 

FOR ALL PURPOSES. 

CENTRIFUGAL PUMPS 

FOR 

WATER SUPPUES :: MINE DRAINAGE 
OIL PUMPING ETC.. ETC. 

KARNTCLOG PUMPS 

FOR 

CRUDE SEWAGE. PAPER MILLS. SUGAR REFINERIES. ETC 

BLEACHING, DYEING A FINISHING 

MACHINERY 

FOR COTTON AND SILK MILLS. 

♦ 

Our service and extensive experience 
are at your disposal . 
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KEYSTONE GREASE. 

Made in several densities, to suit the various mechanical 
conditions. One quality—the best. 

THE WORLD'S GREATEST LUBRICANT 

Sole Agents for India. 


THE NEW PATENT GROOVED 

“ ROKO ” BELTING 

Eliminates Air Traps, and. .thus grips better. 
Maximum Strength—Minimum Stretch. 

Agent for Bombay Presidency. 


CARBORUNDUM SPECIALITIES. 

Large stocks carried of Files, Sharpening Stones, Sticks, 
Razor Hones, Carborundum and Aloxite Waterproof 
Paper, Cloth, Aloxite K. 5 Paper for Sanding, Economy 
Rolls, Valve Grinding Paste Powder. 


SYMINGTON COX & Co., Ltd. 

J-S8, Forbes Street, 2, Waterloo Street, 

BOMBAY. CALCUTTA. 
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OBDINARY WORKS TESTS RESULTS 


SIZES H. P. (worked condensing) SO j 75 life j 125 1 


Indicating Horae Power .. ] 

Brake Horae Power .. , 

Steam per Indicated H. P per hour Iba. j 
Steam per Brake H. P. per hour Iba.: 
Coal per Indicated H. P. per hour Iba.. 
Coal per Brake H> P. per hour Iba. < 
Calorific value of coal used: B. T. U'a 1 
per lb. 

Coalper B. H. P. corrected to 14.700 
B. TTU b per lb. 

Mechanical Efficiency: percent. 


50 j 

75 j 

m 

_ 

125 

ISO 

175 

200 

67.8 j 

76.9 . 

138 

147 

159 

171 

253 

02.4 i 

72.3 

130 

140 

147 

160.5 

238 

11.2 , 

11.1 . 

10.8 

10.62 

10.55 

10.4 

10.3 

12.2 i 

11.8 ; 

11.5 

)1.3 

11.1 

11.1 

10.8 

1.45 ■ 

1.39 i 

1J 

1.29 

1.26 

1.25 

1.24 

1.58 j 

1.48 ' 

IJ8 

1.37 

1.33 

1J2 

1.3 

13.000; 

12.500! 

13.000 

13.000 

12.7M 

12.700 

12.500 

1.4 i 

1 

1.M ! 

l.SS 

1.S1 

1.1S 

1.14 

1.11 

92 

94 i 

1 

94 

94 

95 

95 

95.3 


Theae Enainea are admirably adapted for power purport* in 


Naur MMa, Sana MMa, W aod wa rt ri ng fact or ial. Da trios, Biatillartea. B r awarlaa, Sugar Paotartajf 
Dricfcyarda, Oamant Worfca, Tnrmnondnm Worfca. Paper and Pulp Mills, Printing Works, BuhMP 
MMa, TaztUa. Spinning and IMno Milia. Pumping far Team Water l upp il ee, li rt g a tM * li 
Drainage and Oa w ag a Olapo e al Iren and Otaal Worfca, Quarries. Mines, O el H arlee, gngtnoorfctg 

Worfca and ether Industrial MietaHetlene. 

MARSHALL SONS & Co., (INDIA) Ii{ 

99. CLIVE STREET, CALCUTTA. 

ALSO. AT BOMBAY, MA&RA8, LAHORE, BEZWADA, TANJORE AND OOIMBA‘ 

WORKSAGARPARA, (. S. RAILWAY. 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by sparks. 

FOB EVERY TYPE AND SIZE OF 
BUILDING, THERE IS A GRADE OF 

1IBER0ID 

ROOFING 





for sample- and 
particulars to 

* BROS, ft 6a, 
er Boose, 
Fancy Lane, 
No. sirs. 
UTTA. 




***» of awt>u& 



may not be realised 

eh mofflKin t lifetime of experience end carefnl- 


The outcome of much momam t lifetime of experience end careful* 
ncM in manufacture are embodied in Henley Cablee and aecesaortea 

‘That experience prompted ua to equip tome year* ago one of the fined 
Research Laboratories in the Electric Cable Industry and to staff it 
with Scientists, Physicists, and Chemists of high degree and famous id 
their field of endeavour. 

That is a SERVICE which has no tangible form- nut you get it in Henley 
Cabin* nevertheless. _ 

a i wp | e"V Hfad ° rfic ‘ ! J 

Enl^l UL I Bolt&rn Viaduct* London. E£,|g 

—- - « 

ff A RI .RS North Woolwich 41 Grei r s w| J 


W. X* HENLEY’S TELEGRAPH WORKS Co# 

< Inearporattd in England ) , 


* Ajssr ^s 


HENLEY HOL 
.BOMBAY* 










